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'Undersokning av Cali f omisk' akiffer 0 

Fr£.n California anlaride i maj 1951 ett 3kifferprov f forpackat i tv& 
saclcar. ■. ' . 

Prove t krossade'tf till 10-20 mm kornstorlek. Vid ytterlipar* nedkrosa* 
ning nris:i»d© wig skiff era vara nue ra latikrossad an svansk skiffero 
l«'Analya av skiffs rn c ■ . 

Spec.vikt. 3 1 ^32 ' 

Elementaranalys 2 G - 23$ 5 % J varav 0 % karbonatkol, 
H - 3,35 % 
S - 2^9U % 

Askhalt - 61,2 % 
VMrmevardei 2760 kcal/kgo 
3 0 Standardpyrol So 

2 kz skiffsr upphettadas i elektriskt uppvarmd retort till 550 0 pa 
26 timmar. Hed tata mellanrxvn uttogs gas- och oljeprover, vlika anslyaera- 
dss* Froduktionen av olja* vatfcert och gas n&ttas en gang; i tiiamsn* Under 
fb'rsokot erhtflls*# 

Olja: 175 ml/kg 

tfatteni 5 5 6 ml/kg 

Koka; 7k,8 vikts # 

Gas: 5U^2 liter/kg o 

Froduktionen och produktarnag sammansattning framgar av kurroldd 1-3 * 
G^norasnittssaramansattni ng och egeni&kapsr: 
01£at ffpocvikt 0^92 
Svcivol: lu7 % 
Jodtal: 113 
p^rcr point t -2U°G 
dee ti llations leurva \ASTM):se diagram U. . 
overdent, under 230°G » 27 Trolyiha £o 
GafciAnalys* (Gas fran Fiacherpyrolys) 
H ? S 9,6 J5 

G0 2 2 0 8 % 

' GO 1,6 % 

G n H 2n 12 ' U ** 



100,0 % 
Va.rrteva.rdfl:' 5620 kcai/Nm" 
Koks: 

C = 12t7 % 

n = lvo % 



aska - 01,6 % ' ■ 

W kcal = 9n ° kcaVk ^ 

Vatten; . ' 

Fenolhaltt 0,016 g/l . . ' 

anmonlak: 2,9 g/l» 
3 * Askans smalt punkt % 

Aa'-rana amaltpunkt overenast&nnier med Kvarntorpsskiff ems * 
ho Kalorifaalana vid pyrolya av 1 kg skiffer^ 

Ing, kalorier: 2760. Utfj. kalorier* olja i590 

-aa 310 

: ' . koko 730 

•2630; . 
diffo ' 130. 

27 W ' 

5, Kommentar och slutgataer» • ( 

Den calif orniska skiff ems oljehalt &r n&ra 3 ggr s& hog aom Kvarntorps- 
skif ferns » Kok3ena v&nrievSrde ar htfgt och bor racka f b'r pyrolysens p-enomf orande 
i Kvarntorpsretorten* Nagon sintring av askan har ej visat sig« 

BatrSffande produkterna ma nSmnaa^att pljan har htfg. svavslhalt (Jl,7 %) 
och lag pour point (~2!i 0 C) o Brytningaindex ligger hogt (ca« 1,52), vilket - 
tydcr p& htfg halt aromatiska airmen, Gaaen har l'dgre svavalhalt £n Kvarntorpa~ 
skifferna gaa ; nlen an ekonoirisk utvinning av avavel tbrde vara inajlig, > 
Pyrolyovattnot inneh&Uer 2.9 g NH^ per liter,, vilket icke torde r£cka till 
fSr en. ekonomiak utvinning av ammoniak. 

Per ton torr, pyrolyaerad skif f er erh&llea : 

166 kg r&olja 

0,18 kg NH 3 

8,25 kg avavel 
3 

50 5 5 m rengaa* • , ' t - 

N3rkes JCvarntorp. den 17ol2o51o 



Internfc bolagsbrev 

Svenska Skifferolje Aktiebolaget 




Ankomstdntum 



Srebro f £ eri 6 /, 9 19^0- 
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Xopia till Director Gejrot , 

Direktor Gunnar W . Anderson* 



Interni bolagsbrev 



Svenska Skifferolje Aktiebolaget 



Amne : 



Till Professor Ed. Schj&nberg, 
Karkes Kvarntorp. 



En av Herbert Lindens kontakter, ett amerikanskt bolag 
Black Diamond Oil Company*, forfogar over stora skiff erfyndigheter . 

Bolaget ifraga har per flyg sant oss tva sackar skiffer pi 
sammanlagt -25 kg., som de ha bett oss analysera. 

Jag vore darfor tacksam, om Du ville lata; undersoka skiffern 
samt oTerlaana en analys till undert e cknad . Sackarna sandas ut 
till Dig personligen genom Proken borders forsorg. 



Srebro 



den 6 /<•' 9 19$0. 



~ar\ S.G. Wiborgh 




Kopia till Birektor Gejrot, 

Birektor G-unnar W. Anderson* 
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1« Utl'andaka skiffraro / /O / o >j 

a. Colorado-*skiffero . ' ; > ■< : ' . .. 

Fr&iT tidigare .forsok med Colorado«skiif er i RbckeshoLns-ugnen ( sa fSrra". 
&rsredogb"rslsen) fanns kvar ett parti pk:2p<*25 ,tbru' Detta'.parti har'anvants for* 
prov i experimentugnen (5 fack)» Denn.a.drevs som ett Bergh-fack med nf>jligheber 
till 4tez\P5ring av btarienserbar gaa.tlli koksschakteto Proven skulls ge upp~ 
lyahirig cm kokseh-gick att br&rma -ut./pch bur snabbt 'forbrSnningea kunde dke , • 
utan risk for sintring samt om mojlxgt vilka utbyten* som kunde erh-illas, , BetrSi 
' f ande dstal.-jerna hanvisas till en separat rappbrtoV ; '- ■ '' : . M - v • 

• feammanfattriingsvis lean me<jdel&s, ' att vid eh " genomsattnirig; av upp till 2oo 
kg skiffer/h och fack erfcsllos inga sihtririgar* 

intradde allvarliga ^sadanaa .Om geriomsatthiiigeri hHlls si l&gt som llo kg/h". 
(ca a 600 t.per Ber gh~ugn och • dygn) ; blav vamentvecklingen per tidsenhet for f 
liten fHr att tillfradsstallande pyrbiya.. skulla : erhflllaso -.Man tiggerpi gransen' 
fHr vannevardet pa den koks ? som ^d' f^rbr'dnniiig skall ge pyrolysvarmeto 
Aterforing av okondsnserbar gas till kpKsbadden inissiyckades trolig&n p& gruh'd 
av olamplig brannareplacsringo 1?illrMckligt material -fauna icks £nv ytterligaps . 
undersokningars ■ •'. // ;VfN 'i ; ; l r . ^ •■ ;- V . ' ' ' : 

■ Fa gniiid 'av roaterial&ta grbvHet* "(-13-32 mm), iriti^ff ade-- ideligeh ; hangning3r* 
och tendens till baknihg av skifferriv-i-.retorterna -forekdino JJtbranniri^sn var.'bfra* 
men oljeutbytet icke s h>5gre .an ca ? *6o % raknat.pa Fischer Qasen hade hog ''hart 
av C0 2 (karbonat i skif fern) och l^g 1 half .^v .Cj- deli' a^kplvaterio Doss -varmey 3rd 
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Summary of the intrareport on testing Green River oil shale from 
Colorado j U a S.?Aaj in Eergh retorting process n * 

From the tests with Colorado oil shal in the HO retort there re- 
mained about 2o tons* which have been used in tests with the Bergh retor~ 
ting process* Guiding for the decision to perform these tests was the 
following discussion: 

When processing Swedish oil shale in Kvarntorp (Modified Bergh) units 
spent shale with a heating value of about 125o kcalAg of raw; shale (2250 Bo 
toU 0 per pound of raw shale) is delivered to the combustion section from the 
retortso This heat quantity leaves the unit as 

shale ash 3oo kcalAg of rav shale (560 B o t 0 u/lb) 

steam from bed' coils J80 kcalAg raw 

shale (675 ' ' * ) 

flue gas 43o kcalAg of raw shale (775 n ) 

endotermic heat and heat losses 14b kcalAg " . 

of raw shale (25o * ) 

Assume then that Colorado oil shale is processed, in a Kvarntorp unite 
The shale ash leaving the combustion section is assumed to have. a heating 
value of 75 kcalAg of raw shale (135".B»toUo/U>)i The heat release . during 
the combustion is several times less than at combustion of Swedish spent 
shale, The temperature in fuel bed is therefore low*? which grsatly affects 
the heat transfer (mainly radiation) to. the steam, producing cpils.o The : steam 
generation will therefore be very low/ and the presence of cooling.. coils ; 
only for steam generation is not ''Justified*. The fine gas volume, is smaller 
when burning Colorado spent shale in. pomparism' with Sweciish spent shale <> 
which means that a smaller quantity of heat $ 2oo kcalAg'. (36o BotoU.:/lb) P . 
is carried away by the flue gases., The . heat duty for the Bergh .piroces^. when- 
processing Colorado shale should thus be 75 + 2oa + L4 o - 415 kcalAg of 
raw shale (75o Botou/lb)* and for the Kvarntorp process a. little higher 0 

The spent shale from a Kvarntorp retort has a, little higher heating 
value than that from the EG retort, and Colorado spent, shale [ from a- ./•- 
Kvarntorp retort can be assigned to contain, at least 22o kcalAg - 9$ raw • 
shale (4.oo Bo^Uc/lb^Thus there is a deficiency o£ 195 kcalAg. (35o B 0 t 0 u/lb) 
in the heat duty^ which can be covered by recirculation of . the .'pr oduct, gas 
and/or use of kerogen (incomplete pyrolysis).* The product gas-calories; from/ 
a Kvarntorp retort are about half' the. corresponding calorie s/from,'a ; .HG; retort^ 
or 18o-2oo kcalAg of raw shale (325-36p B 0 t ? u 0 A b ) The .Bergh orv the. Kvarn- 
torp process therefore may be used for" processihjg Colorado oil sha2.es if they 
are modified to utilisation of thle' product gas for heating the retorts *too c ;- 

Use of cooling coils in the combustion section (Kvarntorp -process) is 
only justified for purpose of temperature control when processing Cploradb 
oil sfaaleo The most interesting question to be answered is therefore-. 



Hi- 



How rspldly can Colorado spent shale be burned without cooling coils^ aa 
in the Bergh system^ and without danger for caking? The tests - should givft 
an answer to this question.- The yields of oil and gas that might be reached 
must only be a second hand«que sti phy as the available quantity ' of shale was 
too small to determine also optimum operating data* 
The test unito 

The test unit is an independently built box with 5* retorts, . and 'belonftinjE 
to this a condensing systero-T The ' bbx has nearly the same dimensions as an 
ordinary Kvarntorp-box, and is equipped with means to measure . operating 
and production data~ The product gas can be recirculated to the combustion 
section to be burned there? (Figo ) 
The oil shale o 

The Colorado oil shale has been stored outdoors in the original bag 3 
since its arrival in August 1951- At inspection the appearance of the 
shale was quite unaltered^ and the mean Fischer assays value was '9j>6 % Mr 
weight of oil at the tests in april 1953 compared to 9,3 % at . the. tests in 
Febr« 1952a 

The size of the shale, screened to minus 1 l/A m plus l/2°° at Rifle ? 
is considered to be far from ideal* Average of the sieve analyses was: 
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The shale used at Kvarntorp is screened to minus 27 plus 5 nnu aid EhaiJ. 
not contain more than 3o % plus 16 mm (compared to 66 £ for the Colorado j 
shale obtained) -> 

The test Bo 

A series of tests with different shale throughputs was performed, llw. 
tests were mainly performed without use of product gas as additional fuel 
as the location of the gas burners in the combustion section was not 
successful,, A corresponding amount of kerogen (incomplete pyrolysis) mufri; v;h::ri 
be used to meet the heat duty of the process s which will decrease the 
theoretical oil yields about 15 

The tests showed that the spent shale could be burned at a rate of up 
to 2oo kg of raw shale /h (44o Ib/h) without cakingo At higher rates sintered 
cakes w re formed that later blocked the discharging mechanism,. At rates 
less than loo kg of raw shnle/h (22o Ib/h) the heat release in the combustion 
section os too low to give good pyrolysis, which is indicated by low yields 
and low flue gas- temperature n The fire was sensible for .disturbances of.fe^-i oi 
spent) ahalen A. atsudy descsndencs of shale pieces - seems to be an important 



a tendency of the shale to coke in the pyrolysis zone (about half way 

down in the retorts) was noticed* SoinetiiTies hangings were fanned, but 

they could be loosened with bars o However when the retorts had been 

emptied no trace of deposit's on the retort walls was noticeable 

If Colorado shale of size, which is considered ideals is processed* 

the upper liitat of the throughput will probably be lowered a little 9 

The yields of oil were 55^65 % of the Fischer assay-value except for 

the extreme runs, when they did not exceed 5o %* At a gas yield of 4o Nm 3 / 

metric ton (13oo std 0 cuft/ton) a product gas with a gross heating yalue 

of 4.000 kcal/foia (45o B 0 t 0 u^/cuaft) could be obtained* It contained about 

2o 5* by vol* CQ 2 3 less than 1 % HgS and about 3 % ^^hydrocarbons*: 

The shale ash contained only about -'3 % of the original, calories of the 

raw shale* Its heating value was about "4o kcal/lcg of raw shale (7b Bot Q u 0 /Lb)* 

The carbonates decomposed c onsider ably \ during the passage of '.the unit*- At one 

of the middle runs with a throughout of I50 kg of raw s.hale/k (27o lb/h^ ' 

about 15 % of the carbonates, weire " decomposed in tb Q pyrolysis : zohe 'aiid 60 % in 

the combustion zone* . ,V ' - ' ; . . - . . . - 

The oil had a speco gravity of 0 ,915 . and had crearay consistency, at 

2o°C (68°?),, It distilled to 17-18* by voL, overhead at 2poV (392°F> and 46 % 

at 3oo°C (572°F)o Its sulfur-content was 0,8 % by weight and nitrogen-coiitent 

1*9 %o The analyses of an over all sanple. of the bii is shown in' tii& table 

on next page Q Compared to the oil produced of Colorado oil shale in'the ID 

retort the oil is a little heavier 0 '- 

The available quantity of 2o tons m>3 not suf f ieient - f or determination 

■jf operating data to obtain raariinuin yields of oil and gaso For this purpose 

s.t least 50 tons more are requiredo ■ 

N&rkes Kvarntorp in June, 1953 
Svenska Skifferolje AB 
Research Department 



Analyses of over all sanple of oilo 
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p-p Pyrolya nch forbranning av Colorado^skiffer i Borgh^f acko 

6/5 "J 

Frqn tidigars forsok med Coloradoskiffer fanns ett parti p-i 2o«25 ton 
kvar* Detta har anvants for prov i experimentugnen, n&r denna var oninad som ' ' 
Bergh-fack med nnjlighster Tor Sterf bring av okondenserbar gas till koks- 
sehaktet, Proven skulle ge upplysnipg om koksen fran Colgrada-skiff era gick att 
branna, och om hur snabbt JWrbranningen kunde ske utan risk for sintring saint 
om vilka utbyten 30m kunde nas* 

Skifferno Skiffern« som f ardigkrossad och siktad anlSnde till Kvarntorp 
i afcgusti 1951* hade hela tiden varit lagrad utomhus i de ursprtingliga ! 
siickarna u Till utseendet var skiffern oforandrad och inga spar av vittring ! 
synteso Vid Fischer-analys erholls under de nu genomforda proven 9 ff .6 vikts-# 
olja som medeltal mot 9., 8 % vid proven i febr* 195 2* • 

Skiffern var i jamfdrelse med skiffer till Kvarntorp-ugnarna grov och var : 
enl, uppgifter fran Rifle siktad med 32 och 13 mm siktdukar* PS. uttagna 
skiff erprover utforda siktanalyser gav foljande medeltal: 

+3o « 26 t0 7 « 22, P 4 ~ 16 « lo - 6 - 4 ~ mm kvadratiska mas* 
°*6 6,1 19,2 4o»2 27,o 5,6 0 5 6 0,B vikts % k ° T 

Over 16 mm ligger 66 % av godset mot Mnskvart hdgst 3o % och fint gods saknas 
nastan helto 

Skiff orns fukthalt var lSg, 0,5 % n j 
gxper imentugnen - Detraffande forsoksanordningar p provtagning^ etc- hanvisas ; 

~~— —————— — i 

till beskrivning i rapporten ang~ motsvarande forsok med Congo^akif fer- 1 
F orsnken* Forsaken var avsedda att lopa i perioder om 2 dygn med olika gsnom- 
•sattning, Storningar av olika anledningar gjorde att perioderna ibland blev 

for korta for att nojaktigt sakra balanser och utbytesberUkningar simile kunna ? 

gwrase SWrningarna bestod mest av att utraatningen av aska ej fungerade till-: ; 

fredsstallande* Det grova godset byggdes upp som valv ovanfor valsarna p,.g P a n \ 

ineffektiv vibrering*, och de s4 uppkomna h'dngningarna var sv&ratkomligae I 

Set grova godset orsakade ockst ideliga hangningar i retortarna* och dessutam : 

verkade det som om skiffern under pyrolysen M bakade w (mjuknade och svVillde) och ■ 

orsakade hangningar l'dngre ned i retorterna* Had spett kandes dessa stalls n ; 

30m segt beck, Vid tomning av retorterna syntes dock inga sp&r av avsattningar \. 

c& retortvc<*garr.a •• i 

t': 

Start av facket kunde ske genom vanlig teknik. med vedeldning-., Luftmangden 
for forbrdnningon reglerades efter rokgasernas COg-haltp och utsugen pyrolys- 
gasmangd reglerades after undertrycket i grenroret sanrt gasens kvavehalt-, 
Undertrycket i rokgasschaktet holls ntfjligast konstant- Medelvardsn av drift- 
och produktionsdata for de olika perioderna framgar av tsbell l-3p och produkt?- 
analyserna 4terfinna3 i tabell 4-9 (forutom de fiillstandiga Orsatanalyserna eni- 



Under den forsta perioden (29-31/3 tabell 1) holls on genomsattning 
95 kg A, IHrvid erh^lls en relativt god fyr* men utbyten (49 %' xr Fischer- 
utbytet) och rokgastemperaturen (3oo°) visar att varmeutvecklingen per tids- 
enhet ar i minsta lageto ForsHk gjordes att leda tillbaka okondenserbar gas 
och branna denna i koksbSdden men kort tid darefter mHrknade fyrama och pyro- 
lysen forsamradesc Dagen efter upprepades forsnket med sarnna resultat, Om for- 
sjLmrlngen av fyrama beror pa gastillsatsen eller pa annan samtidig omstiindig- 
hot kan ej sagas „ En sftdan verkan ar tillsats sly brdnnbar gaa (ehuru C0 2 =rik) 
synea mdrkligi, Man skulle kunna tanks sig att gasen skapar en net zon langre 
ner i badden dit forftranningen ay^koksen sedan ocksa flyttasp 

Under andra perioden (31/3-1/4, tabell 2) var genomsdttningen n^gsrt 
bogre p log kg/hp dock ej s4 mycket aom avsett* Fyrarna flammade mar an tidigare 
och syntes i genomsnitt vara mHrkare "an i bnrjan av JWrata periden, men rMkgaa° 
temperaturen Tar h/fera, upp mot 4oo°C 3 Olje- och gasutbytena hade ocksa stigit 
det forra till 64 % av Fiachervsrdet, 

Under b;lda dessa perioder erhHlls endast ett kokaprov med avaevdrd 
K oljehalt"p vilkat kan aynaa markligt med hdnsyn till att pyrolysen knappast 
kan ha varit fulls fandig med aa laga utbyten och oft a starkt flammande fyrar* 
Man far nog ej lagga fttr stor vikt vid koksproverna^ da de aro svara att 
taga ut pi ett representativt satt„ Oftast fir man kanaka kofca fran retortens 
perifora delar och ej tvarsnittsprorer..: 

Fyrolysgaaena kvavehalt Tar Itfgg i medeltal 55™6o % 0 Den egentliga 
(nkgasfria) pyrolysgasmangden Tar e&rfor bara l5~2o NmVton<> Gasen3 C0 2 =halt 
varierade starkt med fyrutseendet, lo-3o % C0 g , Tid n?5jaktig pyrolys 2o~25 %, 
Drygt hdlften av koldioxiden torde hdrstdnmta fran karbonatao*nderdelning och 
resten till stb'rsta delen fr/ln r'tegaaen* Analyaerna pi skiff er och koks tyder 
pa att cirka lo % av karbonaterna sttnderdelata under pyrolyaen i retorternap 
och aakanalyaerna vi 3 a att knappt half ten iterf innaa oaonderdelade i askan,, 

Luftn'verskottet Tid forbranningen Tar Tal stort, COg^halten i rokgaserna 
var i medeltal 5s 5 %■ men till dessa bidragar karbonatsonderdelningen med en 
dryg procent- 

Askans utbranning var god,, Endast Q f 5™9/& av ursprungliga 12 % 
organiskt kol iterated i askan. 

Under trsdje perioden (22/4) skulle on genomsattning pa l5o kg/h hallaa 
men at?*-ningar i utmatningen intraffade redan efter mindre an 1 dygno En god 
fyr fof*B. flammande) arhrUla emellertid och den visade inga aintringstendenaer? 
Man kunde nu likaom f-irut lagga marke till att fyren ar beroende av on jamn 
tillf-irsel av br'dnnbart materialp Skulle aT ndgon anledning denna tillf orsel 
mankera (afdrning i askutmatningen, h'dngningar f avknaggningar s tillforael aT 
Tor kalorifattig koks) forsamradea fyren anahbt och kunde ofta inte fas nor- 
mal igen utan yttre hjalp. Ang, olje- och gasutbytena kan inget bestanrb 3'agaa_, 
da mStperioden var for kort, Uppskattningavia erholla cirka 8-9 1 olja/h eller 



mxnare an tidigare och luftmangden upp^ick till 1^5-2 NmV^g skiffer., varvid 

rokga3ens CO^-halt blev omkring 9 %* E'dddtemperaturen var otvivelaktigt h ; <gre 

3n under foregiende porioder och karbonatsonderdelningen livligareo 

NJista period startades med hog genomsattning* cirka 22o kg/ho En mycket 

livlig forbrHnning erhdlls som ledde till svSrartade sintringar efter 12 h drifi 

och efter 1 dygn m.lste ugnen slUckas p& grund av hinder Tor askutmatningen.^ 

Luftm'dngden var-^1,,9 Nm luft/kg skiff er varvid C0 2 ~halteH i rokgasen 

pa lo-12 % erhollsc KarbonatsSnderlningen var livlig^ askanalysen visar att 

hdgst 15 % av karbonaterna f innas osonderdelade i askano Avan i retorterna' 

var karbonatsonderdelningen kraftig 5 4o % sonderdelas i dessa 3 Ej heller 

under denna period kan sSkra sppgifter om olje- och gasutbyte l&nnas? 01jeut~ 

bytet torde dock e,j ha overstigit 5o % av Fischerutbyteto Vid gasuttag pi \ 
3 

~ 5o Nm /ton erhollsr, nar pyrolysen gick som bastj gas av god kvalitet och 

3 ' 
hogt vSrmevardep' 1 -' 4.500 kcal/Nm (Tabell 0 analyse rna 24/4 kl* 09^ 4o~14 alo)^ 

Den sista perioden var avsedd att ha en genons'dttning p4 175. kg skiff er/* . 
Den oberalcneliga askutrnatnirigen gav f orst en gei omsSttning p4 2oo kg/h under 
15 h (approxc. 55 % oljeutbyte och 55 m gas/ton av god kvali.tet^ tabell 8 
analyserna 26/4 03 och 09 5 4.5)<, varefter utmatningen kranglade (dock ej p«gaao 
sinter) och gav till slut en period pA 1 dygn nied en gen oms&ttning av I50 kg/ho 
Efter storningarna i utmatningeuj, da genoms'dttningeri perfLodvis varit mycket 
lligj, mnste fyren pi nytt start as genoni vedeldningr, FMr den avslutade perioden 
om 1 dygn kan en approxLmativ balans uppstallas enl u ..tabell 3* Oljeutbytet jj 
var 61 % av Fischerutbyteto Koksanalyserna indikera ofullst&ndig pyrolys^ 
Askans utbranning var god p och *v75 % av karbonaterna hade sonderdelats 
(~ 15 % i retorterna).-, 

Oljeutbytena har beraknats p3. medelvalrdena av Fischer-analyserna tinder 
fMrsMken, namligen lo>2 56 for forsaken i slutet av mars och 9,o % i slutet 
av aprilo Variationerna i analysema Mr avsevarda p vilket ansetts bero pa 
heterogena prov 0 Alia ovan angivna utbyten inkluderar ej gasbensineno Medrak^ 
nas denna Micas procentuella utbytet med ~ 2 %o 

Cljeanalyserna (tabell 7) ar hcJgst varierande., vilket forklaras av att 
proverna^ som samlats dygnsvis* ej alltid haller tung- och lattolja i bildade 
proportioner p^g^a* den iritermittenta tomningen av oljan ur de stora m&ttaiv~ 
karna for 1'^ttoljan + vattneto Rtt generalprov av all bildad olja har darfor 
tagits och analyser at s (tabell 7)o 
S ammanf at tning z 

Den vid forsoken anviinda skiffern var olamplig vad betr&ffar korngrade- 
ringen (sail ad med 13 och 32 mm:s sall) 0 Derma skiff er kunde pyrolyseras 
och Fdrbrannas i Bergh-f ack med en hastighet av 2oo kg/h utan allvarligare 
sintringar^ Vid genomsiittning av 22? kg/h erhcSlls kraftiga sintringaro Med * 
genomsattningar under -vllo kg/h blev a andra sidan varmeutvecklin.p;en per tids« 
enhet Tor liten fb'r att erh^la tillfredsst^llande pyrolys* Fyrfn syntea vara 
mycket k'dnslig Tlr stnmingar, En f&mx tillforsel av br'lnnbart material 



2.r ett oxranKonuigx. vi.xj.Kor ocn aeo ax- tyuxi.go aou kicui no* j-j-^^o^. x ■ — 

gransen f(5r varmevardet pS. den koksj, stem skall brannas fdr att ge pyrolvsTanTi© 0 
FSrsSJc med iiterfMring av okondenserbar gas till koksbadden gav ej goda resultat, 
fornodligen pog 0 a«, olUmplig br^nnarplacering i badden, Ett sttfd fSr fyren genom 
gaseldning Tore mycket ^nslcrart Fdr att g'ira den mindre k&nsligo Gaskalorierna 
utgWr 1/3 till 1/2 av kokskaloriernaa 

I retorterna or3akade det grova materislet ideliga hangningar, och skiff em 
vinade tendens till att baka och darigenom b&nga aig langre ned i retortema 0 

Askana utbranning Tar mycket godo Dess varmevarde var*>5o kcal/kgj, Tilket 
motsvarar mindre an 3 % at skiff ems kalorier* Kinst hSlften aT karbonaterna i 
skiffern aonderdelas Tid paasagen genom facket, Tilket ar en st&t belaatningo 

Uthytena aT olja I3g Tid 55-65 % av Fischervardet (inklo gasbensin) utom 

vid hogsta och lagsta genomsHttnirigen dS det ej oversteg 5° i>* Vid ett gasuttag 

3 3 
pi 4.o m /ton bor ett varaeTarde pi 4ooo kcal/m erh&llaso Gasen koraner att halla 

^2o % COg och f*ga C^C^kolv^ten, 

Oljan hade en spec 0 vikt av 0,915 och Tar Tid rumstemperatur ej flytando 3 

Den deatillerar till 17-18 % under 2oo°C p till cirka 46 % under 3oo°C och 6o % 

knznde destilleras over innan sftnderdelning bc5rjade 0 , Dess STavelhalt ar^0 3 8 % 

och kvavehalt l^QC, JSmfort med den Colorado~ol ja, som franst'alldea i HG- retort , 

Sr d©n nagot tyngre (0,o2 hogre speCovikt)^ har sttfrre del htfgkokande bestSnds- 

delar och hMgre atelningspunkto 

N'drkes Kvarntorp i ma.j 1953? 








CO 




( — 1 




nJ 




.C 




CO 




















O 




+5 




o 




«H 






Q 


-P 




CD 




£ 








iH 










O 


O 






+a 


CO 






c. 


CO 




nJ 


to 


X> 


p 




o 


C 


J-f 


o 


-C 




E-» 


B 




cu 




-p 


m 


CO 


m 


>* 


o 




H 


to 




C 


rH 




n 


t 


rH 


O 


c 


-P 


rH 


© 


m 




5 


o 




t> 


rH 


r — 


C 




"Si 


o 


03 




m 


rH 




0 


XI 




& 


ft 




CM 


Eh 






O 




<H 


CD 




rH 


to 


rt 


O 


-C 


a 


en 


c 


8 


CtS 


O 


rH 


"U 


ct 


crj 








O 


■P 


rH 


rt 


C 


0) 


O 








x: 


■a 


-p 


c 




rH 




en 








t 




03 


-p 


•P 


cn 


c 


a) 







(TJ 
o 



rH 



*P 

2C 



$ 

CD 
P 

CO 
i-3 



iH 

•H 

CO 

c 
0 

CO 



E 



-P 

P 

§ 



CD 



CO 

cn -p 
o a 

U 03 rH 

- or 



o +3 > 
a; oj 
a a) c 



e 



g no 

.0) P 



■H 
J* 
C 
P 



O 
rH 



o 



o 
m 
*n 



o 



m lA tA 

in o tr^ 

rH -CT cn 



O 

m 
m 



o 

rH 

^ 3 0 



O 
CM 



a 

rH 



Q 
O 
CVJ 



o 

0 rH 8 



m 

CM 



O 

5 0 W\ 
OJ 



Cn 



O 
lf\ 
M? 
CM 



O O 
O r-t 
O CM 



O 
O 



o ir\ 



8 0 



* *o 

CM rH 

a 

rH 



o 
o 

CM 



8 0 9 



X X 
J? * X 

O O r- 



x— 

X 
CM 

cn 



o 

un 



o 

ITS 



O O 



m o 
cm O 
cn 



a> 
u 

CO 

O 
6 









■3 


m 


m 






OS 


-p 






r— » 
























•3 


CM 






















cn 


s 








cd 








CJ 


u 






-P 


-p 






CO 







c 



H 

a 



u 

-P 
3 



09 

rt 
b0 



•H CO 

co rt 
rH 

O CD 



c 
o 

■H 
-P 
*H 
CO 
O 

I 

o 

<n 

T3 

a 
-p 
m 

§ 

u 

ctf 
O 



93 
03 

o 



CH 

■d 

o 

rH 
OJ 

a 



•a 

-p 
o 



cn 

e 

^ u 

tu p. 



CM 

rH 
CTJ 



JC 
cr; 

n 
o 
-p 



E 



6M 

O 



w 
cti 

X) 

C 

o 

E 
CD 
-P 

w 

>> 
tn 

he 
c 

■H 

t 

P 



x: 
be 

O 

V; 

CO 
CD 
O 

c 
(t 

r-* 

• CC 
XI 

-p 

03 
CD 

x: 

C 
ft 



ctJ 

-P 
CO 



fcc 
o 



-p 

g. 

xj 

fctO 

§ 



vrs 
on 
<H 

CM 



CM 



CD 

x: 

CO 

It 

O 
-a 
nJ 
U 
o 

rH 
O 
O 

xi 

is 

s 

-p 

CO 
03 



•a 

o 



rH 
CC 
O 

-p 
cc 

CD 



-P 

c 

CD 
•P 
etf 



XJ 
*H 

in 
c 

0) 
CO 



-p 

•r» 

§. 

O 1 



to 



03 03 

03 -P p 

O fll rH 

J-# ta rd 

o x; s> 



CJ -P 

a} as 

D- CD 

x: 



CD 



ftf 

0} 

s 

CD 0 

-p 



rH 
CO 
*H 

J-i 
0 
-P 
CtJ 



o m 

rH vC 

^ rH 
rH 



O 
rH 



in 



§ 

CM 



Q 
O 
O 



O 
CM 



o 

rH 



O O 

cn vo 



in m in 
t> cm f> 
rH <A 



rH 



O O 

CM \C 



m O 
r> cm 



o 

rH 



o 



o o 

00 o 

0 -s* 
CM 



o 



vC o 



X X 
m o 
cm m 



o o 
o m 

CM 
CM 



o 

in in 

rH 



* X 
c*\ in 

O O rH 



8 



CM 



O 
m 



m m in 

^ ^ CM 



o 
o 



.7 
















•H 




O 




E 










Cfl 




-P 


G 


Cfl 








m 


<D 




iH 


CM 


CC 




x: 




« 








tn 


-p 


or 


tn 



-p 
o 
e-4 



t4 

•rl 



X* 
10 



cm 
m 
to 

^» rH 
0) O 
-P ^ 



tn 
cd 

WJ 

CD 
72 



2* fc. 



c 
o 



•rl 
CD 
O 
CX 
E 
O 
O 

m 

TJ 
0 

C2 
-P 
CO 

§ 
•8 



CC 
CD 
CO 
CQ 

o 



cm 

■d 

o 

rH 

o 



o 



CO 



CJ 



iH 

ca 
x: 

GfJ 

3 

u 

c 
o 
-p 



-p 

CD 
E 



o 



10 
CO 

o 

E 

<D 
-P 

to 

>v 
CO 

to 

C 



C 
-P 

CD 

*? 

a 
PQ 

o 

cm 

oj 
0) 

o 
c 
a 

■a 

-P 
© 

T3 
C 

<c 



CD 
<P 



O 



-P 
P- 

o 
u 



NO 

o 



CO 
CM 

s 



o 

CM 



CD 

x: 
m 

0 

o 

T3 
Ctt 
t, 
O 

<H 
Q 

O 



C 

5 

-P 
to 

CD 



■3 

p 
o 
e-l 



•a 



-p 

(D 



-P 

c 
-© 

03 
i-3 



CD 
r-C 

5 

GO 

c 

CD 



p 

•H 

-P 

q 



73 CD 

0} -P P 

O CU rH 

^ 0) « 

a ^ f> 



-p 
a 

o a) p 
O (DH 
cd s m 



o 

a* 

CO o 

a coo 

E ^ 
a) 3 

Eh -P 



■H 

C£ 
•P 

C'3 



o v\ 



in 
m 



in o 
in trv 
in 



m cm 



O 

CM 



m o 

in 



m 
in 



o 



o 

CM 



o 
o 
o 

H 



O 

o 
o 



m 
o 

CM 8 



O 



a 

in 



m o 
c 
on 



o 



in m 



O O 
\C o 
o 
o 



o m 
o 

m 

CM 



O C H 



X 
X 
CM 



o m m m 

Nt Nt CM 



o 
o 



m 



2 

E3 
P 
01 
•H 
O 

B 



-a 



cC 
-P 
CC 

in 

CM 



cfl 
P 
O 



£ CO 
cC -P 



■rl 



P 

3 



CO 

p 



m 
cd 



03 



2 



CD 
P 



C 

o 

*H 
-P 
-H 
CO 
O 

a 

E 
Q 
O 
CD 
XJ 

a 

CD 
-P 
CO 

c 
a 

•e 

CC 



03 
CD 
0J 
03 
O 

a 
o 

Q 



O 



•a 

-p 
o 





m 




E 


tin 










Li 




a; 


CD 




CL 









1 ■ ' ^ 

I 

i ■ 



Q> 
rH 

2 
CO 
o 

*H 

u; 

>» 















CM * 


ir\ 


irv 






CO 




r> 


-J 






vO 




m 








*% 








•> 


*» 


o 


L 




vC 


_j 
r*i 


v 7 


Q 






r"1 




OJ 




CO 






r> 


rH 






rH 














CO 


CM 


rH 




< 


o 


o 


m 


c*> 


o 


CM 


c> 




O 




r\ 








*\ 






*\ 










_,_J 
r~1 


O 


i 

t i 


V*\ 




j 

r"*l 


CM 


CM 




00 








rH 






rH 














CM 


m 


o 






rH 


CM 


vr\ 




r> 


rH 


\£> 


ca 


O 




•> 




*\ 




•\ 




n 


n 


•st 




O 


O 


rH 


o 


rH 


vO 


•vf 


rH 


CO 






cc 








rH 






rH 














CO 


CO 








NT 


vT. 




m 


O 


o 


O 


O 


*rv 










«\ 










rH 


CM 


cc 




CM 


o 








CM 




CM 




CO 






CM 








H 
















CM 


CM 




« 


CO 








CO 




. o 


o 


o 


















•ft 


CM 


rH 






rH 


o 










m 


OJ 




CO 






CM 


rH 






rH 














cn 


CM 


o 








- o 




CO 


CM 




O 


o 


O 


< 




n 




















r E> 


rH 


o 


rH 


vO 


U\ 


CM 




rH 












rH 






rH 
















CO 


vO 




co 




a 


ro 


o 




H 


o 


CM 


vr\ 






«\ 














O 


rH 


o 


vC 


rH 


c 




o 




CM 


vO 




r—T 


CO 






ro 


rH 






rH 














CO 


CM 


o 








to 


CO 








o 




vr\ 














•* 






m 


o 


c 




rH 


o 


& 






rH 


CM 


(TV 


rH 


CQ 














rH 














rH 


o 


CO 






CO 




m 


CM 




r> 


CO 


m 






#* 










<* 




o 


O 


o 




rH 


a 


CM 


CO 




rH 




CM 


rH 


CO 








rH 






rH 
















sO 


rH 






rH 


CO 










MD 


rH 


O 


\ 








n 


• 










CO 


O 


vn 


rH 


a 




o 




CM 




CM 


rH 


CO 








rH 






1-1 .K 



0) 

en 













<D 












rH 












& & 












X3 E 




-P 












J=! 






c 


^ a> 




ttf 




P 


o 




'H 








CQ t, 




ai 










j» 








O C 


CQ 




u 


9 


g 


rH 




>^ 








c o 










£ 


o 


2 


>l 
























0) 


c\ 


03 




<n 


rH 


•v* 


O 


•rf 




•H 


*H 


O 


CM 


O 


& a 


U. 


Q 


a 


a: 







rH +3 O. 



b 



T3 01 

no 



as 
C 

o 

U 

as 
u 



o 
J* 



CO 

8 

to 



{> 

CM 



°4 
o 



O CO 



ir\ o 



O 



o 



moo 

m c^> o o 

°* *» •* rH 

00 O 



CM 



O CM tf\ 



ON 



CM 
CM 



*>t O vO 

<T ir\ \C O 

*i *i *v 

C 1 * \t o w 



CM 



rH 

o 



o -4 



rH 



rH rH 

O p> vD in 

<n rH 



Co 
CM 



(T> H ^ 



en 



CM 



^ vO CVJ 

\D o »n 

<* *\ 

co sf o r> 



rH 
CM 



^ o Cvi cn 

«?\ e\ **. *\ 

rH CO O Ni" 



rH 



O 

*% 

c 

rH 



in 

t> o 
O in 



H 



rH 

o 



O CVJ 

f\ r» 

O C 



CM 
CM 



Oi Q\ sQ 

r-i . cm mm 

*\ «\ CM 

ta in o oj 



CD 
rH 



o 
o 

a: 

rH 

efl 

JC 
f3 



rH 

a 



rH 

m 



o 



cc m cm 



in 
on 



rH O 



O 

rH 

CM 



in r> 
*\ «\ *% 

CC -tf o 



CM 

c 



oa o 



m cm 
O 



CM 



vC CO CO 

cc.* o vn o 

■ *n «i •» tx) 

cn m a cm 



CM 



O n£> cm 

*\ •* 

ON o o 



CM 



MO CO O 

tn cm m o 

«x «> «\ nC 

00 tn o cm 



P 

c 



CO 
(Q 
ctt 

o 

o 

to 











+3 










co 










Ctf rH 










m i* 




























































tH 




3 


C 




0) 








O 








sr 


01 










o 




9 


1 


C 


rH 


rQ 






<D 












c 


>^ 








Q 








-P 


•ri 


C\ 


a 




07 


-P 


rH 




O 


-H 


*H 


•H 


o 


CM 


O 


[? 


Q 


C3 









a 

-p 

CJJrH 
iH Q. 
CD E 



O 
-P 



CD 
■P 

OS 

c 

o 

ct 
o 



0) 
rH 

a 
s 

ea 

& 

< 

(« 

a 

CO 

o 

&J3 



r-f 



m 
o 



1 


























CO 


\r\ 










OS 


&> 










rH 


H 


o 


o 


CM 
























i 






vO 


































rH 


rH 


o* 




CM 


















CO 


CM 










CO 


m 




















rH 


o 


o 


m 












CO 


CM 
















O 


CM 












, — j 








** 




*> 






CM 






t — t 




o 


CM 










CM 








CM 


rH 






o 












cv. 












,H 


cn 


CM 


<$ 


o 


CM 


rH 








o 








CM 








mj 




M3 
























/ — \ 

w 




















o 


CO 


CM 




cn 


o 




cr\ 










ov 








CM 


rr*, 






Q 




rH 


























•sr 








CM 


V\ 


MO 


















o 






m 


Q 

















CM 



O 

cd 



vD rH r-l 

«* *», n 

MO CM fH O 



a 



o 

rH 



5 

C30 t e 
2 a " 

O EC 

^ § 

O c« 



u 

-id 



aa 
o 
u 
be 



to 

r-t 

X> 



rH 

O 



03 

cm 



D] 







>< 
8 




































rH 








m 


m 


m 


CO 


o 


o 


o 




















D. 










CM 




CO 


O 


rH 


rH 


rH 


^* 
















03 






rH 


H 


CM 


CM 


CM 




cn 






















r- ( 
















































































cs 


v\ 




























o 










































CO 


o 


CO 


MD 




O 




r> 


O 


CO 


o 










CO 




M3 


rH 


rH 


o 


ir\ 


r> 


CO 








CM 


v% 


o 




0 


e 


9 


a 


rH 


a 




CM 


O 




•* 


»\ 




> 


o 




rH 


cH 


CM 


CM 














O 


+ 


rH 




rH 


o 


rH 


































CO 


rH 

















































CM 














































































r> 


** 


























CM 












CM 


O 


























+ 














a* 








































r— i 










































to 


o 


rH 


cn 


o 




<> 






ur\ 




rH 


to 
















o 


vr\ 


CO 


fH 


vo 


vD 


3 


t 


CM 


5 




rH 












cm 


o 






rH 


rH 


CM 


CM 


CM 






H 


+ 












- - 










































CM 
































irv 


o 


































Q 


rH 


o 


o 




> 


O 
























O 


rH 


rH 








i 






























CM 


CC 


CM 


rH 


rH 




CM 


c 
























C^. 


+ 


o 


CO 


rH 








OQ 




















































































rH 




































t> 


iH 




7 






0 


0 


c 


a 




CM 












CM 


o 




CM 


CM 














o 


+ 






















































CO 






































rH 


cc 
























CM 


rH 








































CM 














o 
























CO 


+ 












<r\ 


CM 






































\ 


O 






































rH 






O 




rH 












O 




















*\ 


J> 


O 




O 






P 


9 


c 


CM 


8 


•* 


CM 














o 






rH 


CM 


CM 


CM 






rH 


+ 














CM 




























o 










OJ 




























vC 




CM 








O 


O 


rH 


CM 






















rH 


o 


rH 


CO 




o 




m 


o 


ir\ 


3 


0 


Q 


J 




G 




' 3 




CM 


O 






«% 


g 


cn 


o 




CM 


CM 
















o 


+ 


rH 






o 




































CO 


rH 




















































o 






































o 


o 


o 


o 


o 


o 


O 


o 


o 


CI 






































** 


w 


O 




















PL. 




vex. 














"* 

K 1 


o 




































u 




Q 




















>J 




Q 


Q 


Q 




O 


vj 


a 


CM 








bfj 












o 


C 




rH 


CM 


m 








B 








O 












o 


rH 




















+3 




0 


< 












CM 




















CI) 








rH 






































-p 














-p 


-P 


















(J 






c 


o 














CD 


















-p 






•H 
















•rl 
























O 
















XJ 


















•H 








n 










<D 




5 


















TJ 






03 






































O 










-P 


o 
























o 




U CD 




cn 




CO 


a. 




















? 




_CM 


o 


to 








O 


CO 




















O 



























Itf- 








e 








CJ 




T3 




(D 




-P 








© 








>i 




rH 




rH 








o 


o 


♦H 


TJ 




CD 


-P 


■P 


CJ 


ca 


03 


CD 


rH 


sz 


CD 






CO 


£ 




O 




X 











03 








&Q 




03 








03 








r— 1 1 




O 


o 


U 


CO 


>s 




CL 


03 








O 




















>> 




r-f 








C 




<=; 



I o 


r> ^ „ „, v. ^ -i 

ou^coo cm cm 

rH O 


o 

n 
r-f 


a o ■ 

vO OHHWsJvO^vC' O 

P*- vO c\ e> e A A. 

rHrHrHCMCMOCM_-|CM E> 
^ eH ^ 


c 
rH 


O O 

C«- «v «\ *s «x c\ '. 
vn V*\ rH O O rH CM r- O CO 
CM CM rH rH 


\ rH 
<\J o 
CM O 
rH 


O O 

vO O M0 CM CO CO vO O 
•v^" CM •i 0>i ' l *<^ 
CM CM O O CM vC CM r>- m r> 
rH * ITV 


■=r*r-: — r- — r 
UA 
r-f 
o 
rH 
CM 


vC O CM CM <H O MO 

O V\ CM O CM V\ r~i <^ 

. rH f> 


O 

c 
r-t 


o o 

lA H rH O -<r O CM CM CO 
rH O 

CMCMrH-^CMOCMCOV^U^ 
CM »TV 


LT\ 
rH 

-> 
rH 
rH 


O C 

OO CO vC <M ^ O va u"\ 
CM rH 

r^moocMOcMCOcoo 

rH V> 


O 

^ o 
\. ft 
iH CO 

O 


in o ^ ^ cc o -4- \D 

O^rHOrH^tmr^ 
rH t> 


o 

a 
rH 

CM 


-vj" CM m C^N CM O.OMD 

CCOCMOCMCOC^. *r\ 
rH MD 


O 

CO 
rH 


rH oocamococM 

O vC O -st rH C°v O CM 
rH O 


O 

o 

m 

r-f 


o o 

\C u^oc^^o r\ ^ o 

ir\ ir\ rH \C C m t> t> 
— _£M. rH,.. CM =4 — , _ . " 


O 

m 

o 
rH 
rH 


o co co co c ^ cn o 

OOCCNJCNJ^^n 


^ o 

rH 

#H n 

m to 

O 


o o 

^OCOCCvC^t^-vO O trs 

CM CM O CM CM C CMO«^vO 
CM *T\ 


0 

o 

o 

CM 


rH CM O^OMDrHO 

rH OxCrH-^^VAvC 
CM i — \ rH 


o 

r> 

r-t 


rH r> O O vO CM CO vO 

O CM rH i — ! CM LT\ 0°* 
rH O 


u*\ 

rH 

rH 
rH 


O ^ 00 CO O CM tr> O *C CM vO CO 

OOCMCrHOrH-^ mOrHOOOOO 
CM vO 


O 

m o 
o c 

r~. rH 


o o 

N^r^OC^MOrH ^ Oi CM vO 

CMCMCC^CSJOrHrHC^MC 
CM rH *T\ 


O 

o 


CO CM vO O CM vO OvO 
X X •*^<*<**»*^*"* 

C VA rH rH CM M0 O C^. 

CM VA 


o 

c~\ o 

CM ,H 


o c* 

vO r> O [> vC CM CM OCOmC 
CM CM OvCCMOCM( v >r>'^0 

^ r-4 «^ __ « 


a? a> 


e ° 

^ 'o B 3 1 ! 3 « ( • 1 t 8 f f • * 
rHS: > -^_.-«..-. a; - £r - ee - 

j£ ^* I 3 1 ? 1 1 t. I f 1 1 « i r >* 5 
»> CM O O 
CO 4- rH ' 
or) •% c c 33 
0-P<* CM CM -v^vOvOCO-*T«) 

(C U j (\j X 32 virr ^ r. T' n r -i. 



r* 

03 

as 

o 

73 

O 

3 

f-. 
(D 

C 
S3 

c 
a 

rH 
J2 
■H 
-P 

in 
P 

-i 

O 

o 

+J 
o 
c 

(J3 
CS 
GO 

a> 
^: 



i 



pi 



h 

i t 

I f 

■ t 



Q 

a 



oo 



03 
bC 
03 

O 
Q. 

O 

tn 

<H 
en 
>> 

rH 

a 





o 

OJ 






rH 
/"^^ 


OJ 


r-r 


MJ 
•> 

OJ 


00 


0 
rH 

NO 


OJ 

OS 

vO 




















ir\ 

\J 
a 
O 
OJ 






OJ 

OJ 
OJ 


rH 

CM 


OJ 
rH 


lC\ 
OJ 


CO 
CO 


to 
vn 


t> 

m 




















uv 
0 
rH 


to 


O 

CO 

r> 


CO CO 
at 

O O 
OJ 


rH 

v\ 


L 

*s 

O 


CM 


0 ' 

OS 

rH 


nO 
CO 


CO 
















• 




O 

OJ 

0^ 
rH 






*» •> 

O 0 

Of 


CO 
n 
rH 


oa 
0 


O 


irv 
O 




0 
•> 

vO 




vQ 

O 


OJ 
•#1 
rH 


«s 

O 


0% 
O 


Co 
n 

O 


O 


O 




0 

OJ 
0 
rH 
rH 


O 

OJ 

{> 

CM 


0 

C^ 
to 

CM 






























, 

1 




to 

rH 

0 
CO 




X 


O to 

rH 


•** 
rH 


OJ 


O 


CM 


rH 

CM 


rH 




















0 






*S 

rH 


CM 


O 

CM 


v\ 
rH 


to 

<* 
CO 


M0 

rH 

nO 


CO 

«s 

CO 


















]27/4 


rH 

O 






OJ 
rH 


O 
*s 

OJ 




O 

CM 


0 

m 




CO 




















O 

co 

0 
*C\ 
rH 


W 


X 


O 

OJ 
rH 


OJ 
«H 


*> 

CM 


CM 


OJ 
CO 


O 


fO 
«s 




















NT 

0 

& 


O 

s 


O 

ON 


\0 <Q 
+\ »i 
O vO 
OJ 


CM 


CM 


CM 
<* 

m 


CO 
•* 

CM 
H 


O 
«\ 

rH 


CM 
•s 

CO 


















*< 

vC 
cu 


0 

0 

s 






O 
OJ 


i> 


rH 


mD 

O 
rH 


rH 


a> 

m 

CM 


rH 
rH 




















u\ 
rH 

0 

O 
Oj 

Q — 




X 


V • > UJ 

O CO 
rH 


OJ 


ay 
O 


CV 

CM 


0 

rH 


mD 
rH 


















• 




c 
rH 


0 

OJ 


0 
04 


0 

C LO 
OJ 




CO 
r\ 
O 


vO 

CM 


o*>, 

rH 


o> 


0 


















* 


O 
rH 

rH 






0 co' 

OJ 


asj: 


O 




TCT" 

CO 
rH 


CO 
CM 


PT" 

C\T 
rH 




















O— 






































OJ 

O 
rH 


0 


0 

OJ 
vjO 
Nt 


































a— 
0 

rH 

rH 






a) 0 
«\ 

0 0 

OJ 




rH 
rH 


O 
rv 

in 

rH 


CO 

OJ 
OJ 


O 
*\ 


CO 
•s 

vn 
rH 


O 

rH 


CO 
n 
CM 


CM 


rH 
CM 


to 

O 


rH 
rH 


vO 

0 


c^ 

rH 


< 


Q 

(> 

O 


O' 

3 


O 

a 

































c^ 

rH 
U 



03 

Q -P 

na c 



o 
> 



C 5 



CO OJ ^5 
OJ Q C CM O 

3 o o c o 



0 I CM 

c 

CM 

CM CM 22 

r."3 



O C3 

a e rH 

•<f MD vO CO O 
O U U O O -*H OO 



(D 
•P 
QD 

rH 

m 
o 
t 

Mi 
C 

•§ 

•rH 



00 

! 

a 

-P 
o 
c: 

« 
ft 

CD 



\ o 
O i-t 

CM rH 



O 
rH 



vt in 

CM rH 



o 



^ o 

\ o 
^ o 

CM rH 



O 
CM 

rH 



o 

CM c 
CM H 



o 



c"\ O 



o o 

r-f 



o 



vD . CM CM CM MO 



c 



H 



vO vO vO 



00 



r> o vD o o o co 

rH t> 



<f rH 

o 



CO 

o 



CO 



CM O O O O O 



CO 



^0 



CM 



ua o a 



o o 



CO O 
CO o 



CO CM 



rH 
rH 



-St 

o 



O CO 



CO 

o 



O rH 

O «A 



n CM CO 



o o 































CO 






CO 


a 


o 


rH 








be 
















«< 










OA 


o 


M3 


Q 


a 


o 


o 












rH 














H 
















(H 




















«H 
























o 


CO 


o 




O 






to 


<M 




. m 










OS 






O 




CO 


CM 


O 


o 


o 


o 


o 


CO 






rH 






rH 








c- 


01 








































E0 
























m o 


vC 


o ' 




o 


CM 






rH 




\ CM 
















CD 




rH CO 


OJ 


O 




a 


c 


o 




C 


















r- 
























3 


o 


o 








CM 
























o 


00 


a 


O 


o 


#— *» 


o 


rH 




CM 














CO 




a 


CM 




to 


CM 




CO 






\rA 


















o O 




o 




o 


a 


o 


CO 




r\ rH 






rH 








o 






c 


c 


CM 


CJ 




M0 


M3 




^ a 


* 




















a 




o 


o 


o 


CO 




OJ 






r4 












1-1 

















CO 



CM 



r* r^j cA 

:• o c.) 



1 



TESTING OF COLORADO (GREEK RIYER) OIL 3HALE AT 
KYARiITQRT ) STOPEN 0 ^ 

lc Mining > crushing and sampling report from- Rifle (Copy)o' 
II o Report an the testing of Colorado-' (Green* River) Oil shale 
' in the HG^retort at Kvarntorp p Sweden 0 



Colorado Oil Shale Shipped to Sweden* .J 

Sampling throughout the crushing operation was extensive as it was thought ; 

that a complete and reliable analysis of shale would be important in a case .j 

such as this, A total of 58 sampias wks taken -12 of the minus 1 l/4 r! plus h" \ 

as crushed into the storage bins', 12 of the minus i» fines as produced while \ 

crushing the 180 tons of product; and 34 truck load samples of the minus 1 l/4" : 

plus taken as the shale was blended simultaneously from the three storage j 

bins for haulage to the stockpile area* .j 

Average Fischer., assay values for +he samples taken are as follow: ; ! 

1. anus 1 1/4" plus as crushed into the 3 storage 1 bins . 26,67 gal/ton j 

2. ISinus 1 L/4" plus as "blended from the "bina into the \ 5 
34 track loads • ' . . . 26 = 6 ? gal/ton • 

' 3^ Minus 1 -V" nlus £ fl as a composited sample of the ' 

54 truck-loads " . 26 = 74 gal/ton j: 

d- Minus fin aa to ^raste while producing ths minus • 

" l l/4"'"plua ■ \ ?4 '99 gal/ton | 

l) ia.ning„ ; . 1 

At the request of the Processing Section the Oil Shale Mine Branch \ 

blasted nine' diamond drill holes through the 70 foot Mahogany ledge in the | 

■wieinity of 637 raise* The holes were detonated in t-wo separate blasts. Shale | 

hauled to the crushers from the first blast . amounted to roughly 300 tons and | 

shale hauled from the second blast amounted to about 200 tons. The first 78 I 
tons of the first blast was prepared, by the crushing plant for use in pilot 

plant operations. The remaining 222 tons of the first blast was crushed and ' j 

stockpiled for shipment, to Sweden,' The first 55 tons hauled from the second . | 

blast was also crushed and added to the Swedish stockpile . The remaining ton- | 

neige from the second blast (145 tons) was prepared by ( the crushing plant for j 

pilot plant operations* . . ' jj 

The average grade of the 70 foot section in the vicinity .where this work \ 

was conducted is ?7 gallons per ton. This value was established by means of \ 

assays on a diamond drill core taken at the time 637 raise was being driven™ j 
Assays of this core are tabulated in the Oil Shale . Data. Book. 



\) This section of the memo Has prepared by Homer Bellinger of the Mining Section. || 



jHJLsnin g and samp liggc • 

All three chru.shers were used to prepare the shale*' The primary jaw 
cr-Mrtisr was est at 3 7/8 open, 3 l/8 closed', the secondary hgranemdll at a 
rotor speed, of 425 r 0 p 0 m» j. 5" spacer hare, and the breaker plate at its 
maxircum distance from the haTmersj the tertiary gyratory was set at 1 l/4" 
on the closed side,, 

Beth double deck vibrating sareens vrere used with the" 1 l/4" cliths on 
the top decks end the cloths on 'the bottom decks*. The material flow was 
as follows: fran the primary crusher to the primary vibrating' screen - the ' 
oversise going to the hanmennill for secondary reduction^ * the product made 
in the primary cimaher going to the bins, and the fines going to waste, The 
discharge of the hamrnerroill went to the secondary vibrating screen- the over- 
size going to the gyratory for third stage reduction and closed cycle back to 
this same screen. The product and fines fran this secondary vibrating screen 
joined the corresponding streams frcra the primary screen* 

Both product and fines were sampled - the fines by the automatic sampler 
on oonrejOT No, 9 and the product by use of a. flop gate operated manually 
at the head end of conveyor Mo 0 2 while entering the bins, and by a flop gate 
operated manually at ^the head end of conveyor .No, 1} whi^Le blending the shale 
frcm the bins into the trucks, " 

The shale was crush^ed alternately into the 3 bins, 15 tons at a time 
until each bin contained 60 tons, After this 8 it was blended simultaneously 
from each of the bins to trucks for haulage to the stockpile area 0 Samples were 
taken of each 15 tons into the bins, of the fines produced for each 15 tons, 
add of each triadc load as it was loaded "by simultaneous blendning from the bins 
5 sapling was thus to obtain a3 good an analytical cross^section of the material 
as possible* The following is a diagram of this procedure: 



Bin 

A - a 

B - d 

<J - g 



Bin / 2 
B - b 
E - e 
H » h 
i K - fc" 

Truck loading- 
(34 track 
loads) 




each truck loaded simul- 
taneously from the 3 bins 
at constant rate 



Each capital letter, A through L, designates each 15 tons of materiel 
crushed, being crushed in alphabetical order and poaitioned as shoY#i c Each 
ariP.ll case letter, a- through 1, designates the fines associated with each 
15 tons crush edo ^he trusts "are designated 1 through 34 as in the order in which 
they ware leaded^ - 

Data 

The fcllo^dng tables' present the analytical results of the samples taken,. 

■ • i 

i 



franua plus ft" 70- foot bed as crushed into storage bins 
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Crushing . Information : ■ . 77 .Vv~.y>7^ ' * : 7 - 

„ 1 ) • Total • minus. r l/4" . plug! ^.jptoduc^i 7-1 80 i 72" 7t oris f;V: ■ 7 .'^ ; ■ " 
2) Total minus £ w /fines'7p^ 

5) Total crushing time' ; : 7r^^ ibrs^:^ 7' 7- ' 

Th ehV7v j^L^^ 7 7 : 7' ■ \.: 

* . ' 93a 20 " . 100 V^^ffi^ " 

.ieo 0 72+9320 • -^■■Vsj 5 ^ 
-.--99 '4) ' ; 77-:^^^ ' 

and > ■ Crushing rate vVv^ * '■' 7 . : 

— , t i . ■ -16.43 tms A^|Q||p 

1) -height obtained -by use7qf..cai^ : W- ■' 

2) height obtained by. use bf^bonvey^ 

3) Represents total ■actuaLycriishinff^^ • 
4; Assuming 1 percant . dust^loss^ 




- Minus ^ fines to ■ waste-white^^ 7 ' 



on. : which.. 



'■ •■' ,v; •' r '-'^CGNVW -7' * > • .» - 

No attempt has been madev.;to:t^ 
the analytical results hereia^E^ 'ftfr7 

n-».«T* Q ™ „ i - J J - 1 ■-*---■*=--» ~ ' ^ " permanent . : 





Report on the testing ' of Colorado'^ -Oil - Shaie '4A/the 'HG^'retort 



" at '-Kvarntorp^ Sweden c V 



L ; ■■.^V-<•■';r^.• , 



Introduction Q ' " r - 



; In 'order to study ,the tehs*^ y. "■■ 

retorts en investigation -was ^sxrangeH/^ 

TJ .S . Bureau of Mines t the " i>eny er / (Jr6dp^{(h^4ded,;,l3y Mr ;. f ;d^l:Kprgr en)' 'and; : ^;.;; : :; .4 : 
the Swedish ' Shale OiV'Ccinpa^ 

V The t est a were made-' atlthe/Swed^^ » : i 

•Sweden* quantity' of abouVTl^Q'ftOM* 

. Krarntorp f . : packed in tight hegBVib^jti^ report ■ ■ 

on the r mining t :" crushing, " ' 
an appendix to' this '"'report i 




The laboratory teats on 'the v^^le^ 

with the ; conclusions from;.-. the -.Qbtsdii^^ Tthat' i'thi -^--r^v 

full-scale ] retorting tests- shotiidfji^ system 4- One 
of the retorts 'of the HG-ov-envwaa^Sei^ 

with separate condensing equipmenti'v'^e^ made, in 

February, 1952#"in the' presence ; of ^ Mr KfJoW W^'S :'SaVage. . " 

I. Shale/01, if Development Company and. theftijeircrer "Group :and:^Mr^R^ : BeTeriy repre*- : 

?. ■ • ■ :» " « >v r N -SiSSSi f^is.tf. ■ <^?*££//>^^ ; 4 to y . - / 

seating U.S. Bureau of l&nesv:*^^ 

The result a : ,df, ; the : ^ the ; 

following ; parts,:. ^ . C^;^^ \ \. 

1 « A summary of /the ; : laboratar^ : iii^esti£te ail - shal < 

"■ ■ . . ■. - C 

2 0 A 3hort description '.of ^Ke/HG-zstorte^^^ 

3. Descrintion of the test/ runa\^ 

x -. '■■ :■ :i * r ^.^^- r £^ 

a) The retort and the-, condensing/ Iffitiffffc^Jg^ l - 

h ) Sam-cling * Methods - of: enalyais;^jr&%f^^ >? //V - ' •// : . ■ ■■' - \ \ : ■■: ■ v.. 





l a SuiKmary on the investigations on* Green' River 'oil shale "at the pyroly'sis 
department of 1 the laboratory o v'r^V V;-'^ 

Samples of the shale were . taken ouV from' three arbitrarij.y chosen 
bags and assayed according to Jischerv/As ; thi^ showed consist ent proper tie s ^ 
the further investigation was done ' on'^to 
Results: ■ - ' ■ ^ V^":- r ^^ 
Fischer assays \ '"VOiV'^t 

, ' Shale Coka^T^^^ 
' -■' "\ :: (xm *18,t*liier^ ■. 

A ah content: 67,9: -^v "by ^Weight b/^This' "iw itlzigypioizi'b of, "fee ash is. 

. lc^r ;than.;that;^ 
: ^G^ifiiSS"'^ fo C as carbonate) . 



Elementary analysis: 



Heat Value (gross) 



Standard pyrolysis, .,„,,,. -, /y> ^^^^ _ 

5 -'kg- of the oil shale ' (size Jl^^;^ iii a steel . 

retort ,to 550°C in 24 hoi^s/.(diagrai^ i* gas feaad . 

water was measured (Diagram 1) «>l&e^f oll^ 

oil; 107 ml/kg » :v--c^:;V^^^^ 1^' 
water; 1,9 [3 by weight /" • V : *■ ^ff^ff: 'C** 9 S^ 5 fa ; "' •'■ 



Properties 
Oil: 



(0,7 < at temp :s lower than ""250 .0)-?^ r \- 

erties of the isroduct a r ^TTt-:^ ■ HAV;; : V >r ?r 

Spec* gravit^a^ | ; g^-£( diagram 3) 

Sulphur : 0 , 74^^^^ : 
Iodine number :^75^^ : / 
' Pour point::' ^S^:fi&f^ . ' 

ASTM^stillatton: :: : See; diagram *r. 

Gas: Composition, (af total^ : 



C0 2 •; 11 ,J'>!Wr.^^.i-tf^--,v.,- • - • • ill 

co • . , 3 A -^ot^^ . .. .. 

■ of , • v >- including- • ■ . nm 



C n 5 2n+2 



Heat value (net, 



Shale Coke: 



r.: 



Elementary : \\BtelyeiBi5£\& : ~:9 ?31 lay.' weight ..(iricl-. 5 A £ ' 

. - -Wj^ " *• 

During'-the*;^^ had- pertly; baked . to, ? 

. ! . hardi but ibri ttl a * c iment^piedea j? - ^Sfep^f ;^ /I $ : - ;•; 



?Tater : 

Calorific balance 
Inu-1305 .kcal Out; 
'■ ; shale 




difference 



Compari son wi th gvarntarp oil ehale 




IS 



-i 



that 



The ; H oil content " of Green 'Hive^ 
of ■ Eraxntorp': ahal e 

She teat ralue of Greeri^RiT3£"SM^ oii and 



The beat ralue of Orseri^RlTar 'spent abale::^ and 
is ' certainly; too low fory^rffc^ce*^ 
Ita baking tendency ia another^eawtt^^ 

Compared Tvith Brain torp^oU^^^ 
a- rery high poox^'pbin*l>eeatt^ 

value indicates a high pfecantage'of^iriroraaAics^ '. - 



The gas contains m-ich: laeajH^S ^axK^^t 



NH,-content e 

5 . 





Hi 



' i ' 2« Description' of the rHG-re'to^t jT-end'how- it' Tfyorka ' vdth 'Kvaintorp ^ahai'S^ffi^ ^ ' * - - 
. . The design- of *th""e' retort ;is ; : ! cleeryf ro 

retort ^(u£per. diam • 60O. mm flower/ di anw;^ 20 ran) ; • is ; in .-i 1 8 ^1 owier ••par t'j.made /ofyi^A 

cheraotte.;brick3 j- and in;:;th^ 
". volume is about * ^^j/^^i^x^^ ^2^^'^^^^\L^± y^^^^^ 'i' ±*'z^-=L±-±i 




^retort through 
'/ • ; 'hopp er-, is ■covered' ;W 

•Is charged from' y.belt;\ conveyor^ 
■ Low pressure^steani ;is "Ihject^'&s^ 

oper atipn A : rp ta ting . ' arm:'! (with ^; ; cbnt 3ro]H^I6??#at ^i^^Sl aie ^dlidhitkeU iJthe 




..... ... . _ 

Superheated. steam iiarinj«cted?&MS^^ tfb-i; s 
■ reducev-the-.yapGr.pressu^^^^ 

- . vapors in . t h e - hot ~ pyr oly si a "?z oriels ^0fi¥di^tW^ti^M aW&3ft:+h i> a a v n-p 'ri o o i -? ■ 
■'. ^the'; retort/ fib^ 

/Each retort .'has ■ one "gas~bui^^;£ : ^ 

.bon . recovery ; pi ant are ^burned^Th^ • -i^, ]'[ 

around the 'retort- and >then through^ 

-. retorts) Part of .the^flue.;gase3:\arr^ree^ 

:■ ":. " •■ ." ■■: ' •:■■ /vsv ; ^->^^^ 

< r --in.i.order -..tOr.save -.the,-%{^motte--.bric^^ ^^->^-- : 

** ' \. r ' : V^f .'Ihe'lt^ 

.flue gaa-.c^^^outside ^hejrjAbE^^ 

.■; inlet and onV (C«poi^ -^^l^X*' 




hour, Consumption- of low 
Consumption 'of r iUel..- : gas*^ 



; 210-250 Co" 7acuum -in : the ;: 'discharg^pl^^^ 
' " : 7vThe; following/average con^i 
... .a nornai^productton period.:: : ,(i 
Consumpti on i/ ^^i K:. r 

■' , ; ....... t , 

Raw shale - 

Steam (aatdJ.,vl20 Q C)^ 

Fuel, gas . (a- 3500 !..kcal/i 

Corresponding " cal ories - '--. ;.>■; 

.' Cooling water- (mostly circui' at edJ^a^e^ 
from cooling- towers) " 




lyrolys- lab. 



Jt'yrolys av Coloradc-skif f er . 



ELTE 

4 6 




5K1FFEROUE A.-B. 

Fyrolys-lab. 



Fyrolys av Colorado-skiff er. 



Diagr am 



107 



4. 10. 1951 




i I 



! i 

! I 

II I 

it i? 

!* ii 

£ !i 



Production; ■ . 
Crude .oil 
jjijgfrt :_ gasoline 
Total oil 
'Crude gas 



Y- --Per''. retort '4nd -hcnir! V: :;v^vUPer •■'metric ton. of taw shai* ; 

.. ii ■ .i ., _. -. ' .ii i n ; . .'-Sj t.:..i i i ^ u-ilj -i ■ ., .. , .. r-. . .. i n 



;,. , ^ Y^^CH%^ / 



rasld^ The ; average n oil : ;conten^^ 



: * as 5?75 % by. weight e . *ThQ /.t6^ 



Fischer-. 



.^-. SiQ':'fc®5'C--run5 frith Sre.es; River" oi-Bv ^haL 
£•) The retort | the- condensing •ayatem-r'and^ 



tort .bench 



i t a * cbritr ol^^ jff fa^- c-±^^[$ , ' j . ? j- j-j 
he retort; chosen; for;:.tli^te^ re-; 



• ■ As aise -of the Gre.en^ver^ than that 

of KvarntorpSi shale 9 27~70-mm^the;,;d^ 

A trial vathout alterations tesulWdfi^^^ ' 



retort, The " alterations ywhidiv"^ / . 

through-put. could-, not ' be. raised 'itoi'm^^ 

•of the rotating . arm waa, .increased-^ depended 
on too small an opening 4 • abov^^tft^ • 
shale (sn^ill ^ic*c«iM and much. 'dusttl^M^ /efficiently) P 

An expected greater pressure ; ':drop^be<^ 
Green Hirer ahale was meant ;'ta:be:£co^ tube of 

6 m length inside the retort „ ^ts-ruppe^e^q^ _gaa-r discharge \ 

pipe, ■ ^d' the: tubs" was; support ed^byii^ 

The - tube v however* became ■ cl ogged^ by/cbke&^ after ' ' 

the tests shorcedy and its: role; duxing^tfe^ 
■ A flow sheet for the/.retartrand^thec^ 
dra-wing nr, . 1J-199* .The pyrolysis^gasas^n^ ac scrubber 

(ciraTTing nr 13-197) i, where they ; VereWctJun^ Water,' and . 

then to a tube ^condenser J" where - .they ^ere^cc^ 

flow was -caused by 'a auction- blower, aft er;^ the- 
blower the gases went to' a flare*.; /*'■;*.:"-. . iI"^--fjTr"^ : r:7fj-.J:. - 

Tlie 7/ater and oil from the' scrubfaer/ : ^reM 
from 'which part of the ^ater-oil^susp^^ the 
scrubber as waoh liquid* and part 'fiowed^by&eeS^ t £nk , 

T?herc oil and ?:ater separated. The. scrubb&-V/atei^^ 



. by a coil and partly directly;,^ . 

lating pumps, From . the s eperatb'r the : 0 il7fl owed 'fa- afttird, tank l - Where tt 
■ was collected and : measured. 'The;>atef\^^ be measu-v' 

red intermittently in a c ontaine r^ thrown ; volume \ butside^thef .tanko ^he. • 
separator and ■ the collecting^a^fha^ yJ-. 

The cond ensate from the ; tube^ ; down'., to /"the '.second tank , 

(the separator) ivj-t:'/ h> y^^iSM^^^^a^^^^^^i^^il ''j. .. ' 

• Condenaaterof oil in .thejpipes'ra^^ drained .' 

through ' a.valvWreturned .-to thej e«rec&;f& :■ i ' 

' The sh *le was transportedUo^^ 
from a .container in which the 3acks|h^^0|mptied; ^Its V Toiume' was. 1,6 m 3 . 
("35 sacks) . The shale -W : weighad^^ waa , 

checked by counting the sacks and ^kl^^^^iT^^erage weight. 
The spent shale was not ' we^hcd . > ; 

For the operation and Control.; of ithe^ 
• orifice flowmeters, uacuum- ' ^;V^a^^j^^f^^^^^__( BBe drawing 
13=199),. All. measurements and reaii^a^^^ • 
was measured at the points A of .the' ' 

circulated flue gases was ^ measured] a/Ohe^^ . " 

he injection of superheated steam- wa^^ 
ture ,'' pressure' and amount (orifice) ^ThaJ^^ ^ 
by an orifice meter, and amount', of unc^ 

sured by an orifice after the blowe*j::W^^ '.. 
vacuum in. the condensing system aja'shcwri^^ ^yf-- A ':' ' 

The ^^t"°* 'bil Wme^ = . 

of the oil layer after emtying the' iB^^^^^i^j^^i^i^:. -'. ■ 

a ) Sampling. Methods of analysis. : -y -^V^;:^^ "'<. '; 

Raw., shal e : At every charging operati^ a J ; sampie ; \pf Jsome: fcga of' • shal e was 
taken from the belt, conveyor. The ^i^^oi 'were' collected 

mixed, and' divided 0 The f ollowijigT^a^ assay/:- 
(according to ^scher-Schrader) , mai^W on C, H 

(semi-micro, ^ ila ^inbrenner. appara^s^ .gravimetric 
determination of SO^") and c ■ as carbqn^^ 
volume of COg) , gross heat value ^bomblcalor^^ 

Spent shale(coke): At every discharge-; of ;.the : hopp^r?SOTie^ kilograms of coke ' 
were taken aside. The samples for- a j4- : hour»pe analyzed . 

in the same respects as, the raw shale. 

the coke was done by direct measurement^in^a pile' : pf \ just; discharged coke. 
Shale 9il: After every teat period a general" sanple was" taken"- of the collected 
oil production in tank 3, The content-; 'of.-: the ; : tank was 'stirred, bef or sanplingc 



■ Analysis (according to' ASTOA-standa^ A5TI/- ; 

distillation, water' content ■(cftstiliati : > pour '"point, el e-' V 

mentary analysis of S, beat yalue ..'(one yean^l^ 

on two semples (Vogel - 'G8sag)'a : 'r^ ^ * 

^ater:' Samples were occasionally\Safce^ collected). ; 

and analyzed for NHy- and oil 'content 
Pyrolysie gas: Sanples were taken ai^ 

determination of C0 2 + HgS and' Oj^indj^^ :: 

analysis and determination of the.heaVv .Twice the- * 

composition of the hydrocarbons waaPev^ : 

Podbielniak apparatus, ' . 

Fuel gae: Determination ' of the ; heat^vaiue.^ 

every eight hour, and complete Orsat-anal^ 

Flue gases: Complete Orsat-analysts^were4done .ttwitt* : on^aamples* J: taken 'after 
the recirculation hi awer. \:^\|^^ ; • 

c "° The teat runs. Operating 'data V r^l^ ^ ; 
operating experience «' ' ■ :; J '-?^^ 

The heating of the retort-was'^ 
the first test period* 'The following ;^6sts^ ■ ' 

Teat run nr 0 . ' Temp/ at "A ; ,;;^ 

l 4 ; : i'-lObd^ : l : - : 

• 5 . 950 ' ' 

. - ■ . <? ; '""950 ^'wS^ 

All essential operating" and pfi^ ' 
graphically in fig 0 l-2'o Temp eratufesv are steara, 
ahale oil and gaa ih- and output: for ^houxVerl^ done at 

least eveiy hour, The results of the -ahaly'i"^ 
Operating. . ■v;/?'"^ 

The variations in steam temperature and:..presisurac;werey:iOTair. and the same 



ia valid for the "temperature- of \\ttie£ circulate .1 
The raise of the xcatar t emperaturef in-'!the :? 'scfubl!)e^:: : ;waa r;1^2. .Cj : : " v ||t 



it 



The vacuum in the retort" (at "thV"gas-^ 
at 30 mm water, but the vacuum "in the- condensing"; system - "was.. higher^SO rnn 
T7?ater, as the retort-vacuum for convenience- was regulated with a valve inmedia- 
tely after the retort,, The pressure drop through "the whole -"c cad enaliig syst^n waa 

about 6 mm T7ater P ■ . ; ;;y'}T^:,.:;/' : - r ,'- "■ ; *";' • : -- : Vi'.-. /V" • • jjj 



The ga9 production reached) much" higher values' than ' expected - end the orifice 
in the gas pipe had. to be changed* The 'first; test '/t^s " iiin , ^hoy;evef ^'..v.'ith the -iav.*' 
earlier, narrower 
and Buperpreasura 



day hour i^ediately ; after 'the/' r^ system 



•• fey ;^Sfi3ilfe 



orif ic e , whi ch\; cerised/too high- ■ a 'pressure 1 drop in .'-.the /pipe '. ; 
and gas leakage in :the^etort f ;,^hich mast be; remembered . 
when studying the gas yield .in' test' hr.71^ 

Because of small un tightnesses iri/t 
leakage of air was found, as/eeeh frcmi^th^ 

a « v immediately- 'after -'the'-" ~- i *-- L " ai<v ^ • •'-»-*- - -- -> - - ' - 

H 2 S-fC0 2 • ^;^-i;^-0 

20.2, ■ 11. oo. . ;: 46*2 

• 12.oo 45-4 '' ; -/^# 

21.2/ 04-lo /: 31.1 

'22.2, ... I60I5 .,.,/ :.:•,.. .40.0 ^"l^ ! 

The oxygen contents of the^gas inroediatel^ 
air inleakage, during the charging/^ in-the -/. 

retort wall. The extremely- high .rfclutti^ 

blorc/n-out 1 - vrater-seali V'"' '-.;' T ^T:?^^ • - : ' ' 

All data on' the pyrolysis ' gas/havl^the^ 
.free basis* (Ko correction ' has ;; -beeii ; - mad e1]f^ :Corrs- -\, // 

spends, to oxygen, Icmsimied: in*. the ^ 

g^s analyses are thus not nitrogerufre^e.) i}-^ '; ■ ; 

The /Variations in'. the"-temperat*i«tf#^ 
of fuel gas, variations : of ^ • 
rific input- was calculated f:rom v he^ ; 
se of the variations' in^the^g^ 

cautiously a 'i'*''- ■ " .-"^T- J ...rr'V.. 

The two flue gas~an^ysee mede€dHawe&4^^ 

of combustible matter in spite -'b^the^'arg^ ^R.^:><~ 

of the. supplied f\iel calories were- thus uti2£aed»S}ffi^ \. 
• ■ ■:. •~. ! -" ' 

The shale throughput per eight-hour^shxftj^asv^ 

of sacks charged and. their average; net weight arbi- 

trarily chosen sacks*' The band scaleOiregistej^ high/ ; -^ . *: 

and in the last 4 days even mar-e.,/'\^V;^ V *• : 

The variations in the calculated! throughputs^d^emsVpartly^ 

difficulty of filling the retort, to" the -sarne^l^ > • .-. 

on variations in the actual descending speed o^tt 

variations in the rotaiting rate of: the / dl sch arg e hie chRnl sinus i&W; / 



gross Wck' r: weight ^kg'^;^ ' • ■ • '■ ' 

■■" 51.0 o ! " : 



* ! 

• i 



.50.2 

V"49.7 
•49.0 
.'53.6 
1^49 - 5 
l f 56.7 
J 5P' 

£_51 




aver.' 



aver. 



"• 50.' 



11 



The greatest dif ficul ty ; ; at^ to" 
determine the level , of oil-water^intfe be- 
at . the same, place ., at start ' and;, exid^bf^ ::.ahd '■ v/atex 

seemed .'{to 'occur^at. the -interface,:£§caij^^ 
so ehtirt test periods '?9j4j^^^^ 

; -All though the; ae para ti oh: *"o£ /bilg ishd:vWat er^iii ith e£ s eicoxidn .tank seemed, to be ,^ 
good, ' it might not have been perfect eati-. 
mated. on : the oil sample, from evexy^te at -rah j •••but^fei ^bil^contiaht " : of the .water , 
waa determined only two -timea i^j^i^ra^ / - 

g oil/ liter water ft and as the amount/of', water ; ^3 : :rathei^iiigh(direct coolingi ) 
usually~300. l/h, v the mentioned : figurssV'cOCTeap^ h* ■ : 



IP 




■lit 




' Analysis results, .". T :r'' ^' 

■ Raw, shale. The average oil yield according-. to. Fischer, 9 , 8'-^ -by : : -Veight , 

agrees well with the. value reported as. 'average from ^;.Rine >(Sanrpling and . ; 

crushing report) , .10,1 (26,3 ^/tm)/.^^ - 

Some analyses were : later, check ea' t -hame^^ . 
/• • V' -y^u--' ^ ■■ 

run 5 and elementary analysis; on shale ' from 

siderable, and we can. see no ; other/reasb^^ 

Theco'ce from one Fischer" test ;lw^ ■ 

whereby were found C « 7,31 W'k^d^ from the "\ 

Hbwretort had a lower carbon : <£ntent^;^ 

test run-3 seems to be too .1 aw Mtbf reaped t'"*oii^ 

As the accuracy of the heat. : valuevdeterni^^ .. 
;rage of .200 kcal/ks- has heen ; iiaftcf 



of apent shale, -They contain, sM^e^ec"^ 
material., . ;■ ■• r-Vf^^^^^v^^ 

/ The discharged spent, shale £ai^ it3'; r ; : 
weight can.be estim ated from igniti.^ 



Test run 




5£*tft shale, ■% of 
raw shale 


■'82,2 ; : ;.78 tlWh'f^i ebio^eft 



The degree of decompositionfbf :5t^ fran 



that estimation, 



Test run ' * ■ '■■ 


3 - 




?£ decomposition of 
carbonates " 




40. 




£ of organic: C left 
the spent shale ; 


:in 


20 ; 


I, 22, : - ; : 2 J^fc^' 



Shale oil. The oils from the diff efeni-: : : ;Wst^ j 

one from run 6, ishich had a higher/ AEIh^^ law~boil±a* 

ling constituents '(more' than' 60- ^di^tilt^^ I 

,' Elementary analysis on oil from run%.|^^ and 1,5 $N 0 . ' \ 

The — • , •'vV;--ek i £^^ ' ... . 



lowest - pour 



viscosity was determined /at ^10^ highest and 

ur point .(Table v^'S^ ^ ' ' 



The approximate wax.contmt'^ goil/ V 

waa mixed with 500 ml aceteneV.> The ^ : 
oil from -test run "3 , and 0 ,1 f^of:1he' : & .}) '■ 

. A small refining test was made ion" ^ ■; 
tillation of .oil fran run^6 by.treklroe^ 

treatment *Tvith "Doctors solution« : oTrt^ by : 

weight' to 0,79 $ and to 'p^S-^^^ 

0,004 # end. to 0,002 % ' ^r'^ . ? 

Pyro lysis gas. ; ■ viV; ^'-^M^M ' * " * '-^ • 
* B *. • -■'•■"■;;v^s3j 

Lysej 

ted * " 




run 



o - Table. 



Average composition and heat Value ; ; of.;izndondensabr 



Test run 



"■HgS/ "% by voL, 



C n H 2n 
°2 

CO • , 



C n H 2n+2 ^ f:Pi' 

¥ • ■ •», ^ 

giosa •■ 



2' 



■3.-' 



f 1 * 8 .: 
-'•3,5.' 



• 3.8- 

', 34.5 

: -8 9.. 



: .: ; ' : 5, 



! . 7,4 'ik-j-iij!^^ I 
*332o--^iia^^o^£^50o 

" : ' 7 i; - 

No tendency can be .found ill theBe^fig^ to give { 

»*^+* ° 1 * ++1 ~ u4 " u ~ *~ -t value j^bUttiti&^T .the different : : 

it t o'foern&t^rellB '-" 1 • 



13410* 



a gas with a little higher heat 
samples (table 10) are too great 



vpiennit^ _ 




gas „ The flue gas has c 
Yields, balances^ 



2 ' ~ 0,33] kck^^ 
In, Table. ij essential retoring...an(i ; -condensing^ collected*, 



Reto 



^ng, cc 



condensing and production r datau v ■■ ^^::^^^t'^ir\^, : :-' 



Test nr. 










> Durations h 




-:-24^- 




72 i 


Temp. A t °C : V 


.715;::, 


740 


;:.:.rlQ00,:V^:v^ : - 945 
, v , ; >. 800 vi^770- 


' 940' . ;' 
;-'745 ; r 


" 'df reci"Tf* " flna fro a ?n -i'rV.-: 

Steam admission, 1 kg/h 






v^'i : ?30^: ?- :-;^<. 235. ..-xv ;;■ 


■5';'. 242 : 


V' -Qyt ' J T 


1' •Q t ;~'^ 




.84 


" .temp, S °C v* ' 




?1'342 ; S 


^35 l |§3i4^335 - 


• 339 . 


" pressure atm„ (gauge) ! • 


0,33^ 


p;o ;? ;33':; 


0/31^0,05,0,20 


' 0,10 ; 


ii.ctv» auaiu uucix^g eci ^ uon/ n ■* 5 - ■ 






g;^6 F 65^ : ;^4»35 :: - 


6,60 


"BStpI boo on M*r» 3 Y-i 

A uci gtia cunauineci, rim /n 






;^i^41 :r y>^i;u35,5. . • ; •. 


.34,5 ' 


keel/Km-* ' t . ' 


•■•426ci| 


^£4440'^ 


it^4ibo^iI^ ; 50oo.., . 

j .i**^-:-. •.^•-•i^iS " ■ 


.'",4500. 


_?uel gas )is at_value t net,kcal/Nm^ 


_368oV 


•;:i';402p:.i 


^37io2@£4200 ■ ' 


_ 4100^ 






?ts3--iy 


f 90 • • t% t.yy V*? ' ° 5 ^ * ii / - 


89 


• g.± u&u, uuue conusnsGr 0 




^^?^7^p-^^^ ;:c f-^ 0 • 


7 ■ 


Crude ; ( oil .produced, l/24 h ■; r : '£- 


i;;4^5;:i| 


© 78 ';i 


i^^||i^4l0'.,l-y 


-•,..••381 ;•; 


Crude gas..... « # Nm 3 /V 








30 


- Water produced, l/h , ■ - ; v 




i^:93^i^"63;^;i- 


~93 ^ 


Total -water out 0 -l/h . r , -i^,.. - 


';:'330.b§ 




i||37^S^-^^' 


300 


" - — v'\'V» temp„°C ... ' 


' • . '-■* a '- 1 US' 




^6Xp~/^^65 -r^';. :; 


; - 60 


Crude oil, specgrav* • • ii^-.O 


»90?-o' l e 




■^Pl890; : ^;b,e93 : : 


...0,873 


" -5 gasoline content 
fr,^200°C 






Sffii9"1^S5' is 


24 


Crude oil , heat value ,kcal /kg 


10134; ; ;j 








Crude gas 5 gross heat value :.: r i ; 
kcal/Nm3. . • 


• ; 3390.3 


Il332al 


:^^10f:^f ; 3200-- i : 


. 3500 


Spent shale ,heat value t kcal/kg V 


( ^'^;!-«:: 

















Yield and 'calorific "balance calculations are made in jteblesl4an& 15 r 













'/. • Table : 1^M\ .^ • 






''/V'./^v 










/%:i: *v/: 




• , y ■ — 'Yields" (basis- :l,ynetric:- 


toniraw. 


ahal e) ^ 






Test run - ■ . ■. ■■■■•rv.:;-:'*^ 






:n.:.:^:.;5;.: : ; 




Crud e- , oil , l/t on : < ' ; n:. ".: t ^^!\0^0i5'^}^: 










■ — . , ^ » weight /o of xascner, 4- ' i v/; 




VV:" : v .'/ : v"' ; '-?^ 






assay . . ■ ^:^;^':;;62^?^-^ 






T do 




Cfndp 'Mm /ton ' .A^^y'*:?^-^ 










(air-free basis) \ " • ; - 




iSii 


H:tl63 : .; 


|/ ii3 












Spent' shale, kg/ton(estimated) ';/-,r 82Q^;^> 











Sensitive' heat was .fed /to .-the ^syste&^e^^ 
steam' and was 'carried away- as spent "shale^f^^ indi~ : 

rect and' pyrolysis water)* The /spentr^n^ ,r 
the hopper g and its specific he at; may 
kcal/ton raw shale was csrried r by-;th£^e^ 

a temp # ' of ^235* C and carried sensitive heat:.as^te£^£^ 

^ ' * '^.'\^^^i^^by^:>y\' ' • - r --.\ /; 

and net heat values per Nnr f\ier :: gas): ; ^d; aa' ; s^^^ 

Urn'' fuel gas) / The heat content -of. t 'p^8 lysis 

calculated f ram volume and temperature;^ 10°C) „ 'The 

temperature raise and the amount of . wat' qt yjxi s ed i f or . indire c "fc. vco ol ing was not r 
Icnown. Because of incomplete cOTbustio^inr^ that 



20 fa of the fuel gas calories were- not; uiitizedv~^^ 




Pi 

hi 

, I)! 

■ B i 



I 



-/ Table' l5o ^&&:*H'kL. 



Calories input -V.' : *' 



V- 1270 -iho^kcai/toii^!^ 



Test 'iTm/i«2^: : .;5 
Raw shale v : 12'iw ::-xw...<,ilwo*/ «wu ,7w.^^«*»,.«* — 

Steam • ■ -■. , ■ 220 :.' l -* : - : r^^:^ 

Fuel gas (gross) 510 - ,v -26. j% ;;:f.L^:v-.-.^3.i. ? 

Total . • i^-V '2000 V 




■-24 "fr 



£.1 



»<v" -".fi 

m 

pt 

m 



III 



33 

9 

m 



23 



Haw shale : 



Total 



\-2140 



'teat'- xro%S^^ 

" """ So 



17 : 
! .4 




100 



r) m sensitive heat +- heat value 




ft 



• ?* 

IS 

m 
I 

:i libl 



Test .run- 4* ^?:\f. 



Raw shale' l?70d0 5 , kcal/ton '^"il^ £spen;t -ahal e (50+1 60) , lo\cal /t on« 10 % 

Steam' : * 220 \%'"\v*Yo^ 37 

, Fuel gasCsross) : 610" : '. 29 .Crude -gas^Vv'^ . 1? || 

Total' V ; 2100 \ y / • • i y< : ]i^r^ . 4 ' IH 



/ • 



/ ^^:;^;.Flue ^aa';. / a40+120 -; rr --- ' - 12 



- ; 'measured^' T r - if :450 " ' . 



; go, | 
ioo £ J 



Teat run- 5 



■., A 



Raw shale : ■ 1380ao\cal/ton « 56 ^7;^S pfi n%^le (Sp+l^G^iO^al /ton- ' 8 £ ; .1 
Steam. / ■ 210 ; . ^ '..33 . 



Fuel gaa (grosa) 910 " ' ' r ' . ■ to^;^^|l9spn^^ & : 21 

Total '■ v '2500 ,vl:agg^l^ 



100 ss ' I 



Raw shale . .. 1279.10^ "k c 
Steam- 200 " 

*Hxel ^83(pro8sV- 570 . •- • - : ^^-^^B.aBn^ v 400 V p . ' 2 C 

Total " 




' 570 ' '~'-':28^i^ 

2040 ' > 



The amount of heat T e quired : .W^e^^ CaCO ) 



ia about . 50 



,000 kcal/ton ra^'shala'-at' 40'^ 



Material bal anc e 3 have ; b e en ■ c al oil i at e d • f 6 r arb 6h end i ; eii 1 phur -J J- ■ 

• . ..; ' • Carbon~bal anc e sy r :fe -&^ff::.. -C^>^}>K;'\ - 

kg C per metric . ton 'raw shale's 7 '-''--7 'x' :•: •• 



Teat nr . 

Irh_ Raw shale: • 
organic. C 
carbonate C 



v 7 : 131.;^.j^l32 : -;;; 



OUT:S^ent ■ehalei" ' 

organic C * 

carbonate C 

Oil: . " 

' ' Gas : . ' ( 1 . ' 

organic C 

carbonate' C 

Water: r • 

carbonate C 
(rio analyses) 



17377 



26 ; : ' v ^25 'W^^M^V^ : 



Diffo 



157 ' 

l6 7 ^ ^ Ar """ 



Sult)hiir=*balahce s 



baimi5es\">>'fe'^ r':"7 . 



kg S per metric, ;toiir:ram<shal-ffa^ 



Test : nr 7;' 7 . .;• 
H; Raw shale ; : : 
OUT t Spent - ghale - "\ 
Oil ' 
Gas 
. Water 

(no analyses) 




3, 



5 



The yields show a tendency ; fbr.ihi^i&E^ 
The temperature of the shal e ; i& \^[lP^^i^^^^^^^ D :: ^M^ 88 * 
run .5 (depending- on a- 50 '% 'lc^er "rVtor^iftg^ .6 * (short : 

warming-up period before the:' teat '^^^^aij^j^^^^^^ oil in the feed | 
hopper may have contributed to'the- TeryH^:yi^@^v^ 8 ^^ 6('inspection af- = 
terwards revealed oil.- in the hopper) : - ' ' • • 

Inaccurscy in production data'' : 'and Vampl^ test periods 

and pre-periods with relatively small Changes '^^^^njj.-c^titnw^ may lead 

to fal3e conclusions, and theref ore; ! we ; - ; 'tninlc'it. -'is . raoM:- dec ent to calculate the- 
ovar-all yield for all test periods,, ThW~f or^ieat. :period3 ; l-4 and 6 (together 7 || 



1 



f 



Retorting? 6,65 ton/24 h at' terap a „ A ~935° and C ^745°C^ ]}"/v-' 
Yields: Gil. 67, 5* lit/ton stole (Sp agr „ ' 0,865=90; '.21 'j$*200°C) 
'. gaorresp. to 61 % of Fischer assV -v':.'; 

Gas. 112 Nm^/ton shale with grass .'heat : value ^400 kcal/Nra^ 

The 'figure for fwyield Kill be' increased. br*4»5.$ if including recoverable : 

light gasoline from the gas, ■ ^ y :^^^[ •■Y^^'" 

The yield is low compared! td ,that;ob^M^^ Swedish" aiala 3 This 

can, however, be fully .explained by 'xegzrti^ temperature 
and the eize of the shales c 'V' \\: : Wir*^ 

Operating experience from the..T5faQle; plan* .(support by * calculations of 
heat transfer in beds of different 'particle rate of , 
pyraiyaia is Use the mailer the'ehale piece^e^pf ^'oiase-thia is counteract 
tea by the 50 fa longer pyrolysis time, , • . ' ""li^'/f^V. 

The calorific balances 3 how that; about.. the; sanie^ampunt of calcriea in- 
troduced y/ith the raw shale came out ' as -"oil gae : ^diWpent/shaleo There is a 
small difference between runs at high and ; loiy- tempefatui^ ? but temperature 
definitions vrere too inaccurate ^nd the calories' nbt^ accounted for too aaijr to 
permit any conclusions c '•■ - . .S^-i^ A 

In none of the test runs the caloi±es' : bf |the ^pyrolysis gas *as enough to 
supply the he^t necessary for heating thVretart^ r 

The^ retort system is thus not self^8ustaiMiig ; i^^aiorific respect w hen fetor- 
ting. Green River oil shale ^ " r - 

Improvements in burner design and ' heat .^ransf^r Surfaces may diminieh the 
gap between consumed and produced ;gas-caibriesf^ of port of 

;tha calories in spent shale ' and flue' gasearmi^be ^possible Q l 
This Tsouldj however, require additional :Mie^ system 
to fit better for an oil shale of Green B±y*^ [ Y. ' 



It is quite clear that retorting Green:;MVerishaie in' the HG-retort gives an 
easily condensable oil *ith much higher 'l^01^^^^k''cmaLdmhlj higher 
amount of gasoline than oil produced, in retort^to^nibtothe" heat is transferred 
already xo xxs mvanor oy gases V and the pyrolysis^gas" has a gQGd heat 
^'alue and contains? recoverable light hydrocarbons 




■;■!. ...v. rrr&X* 



;4i5ch^^e p/^'c tor 
' py ro lyx ix 




2>v 



O perating experience q. ' v = 

:■ .The operating of the. retort" IMth'^ 
After, h fetfz on .I3.nV ^ ha /throughput^ cemented shale places ■ 

appeared at .the discharge mechaidOT^i^^ 
been decreased ,but it is'question^ 
building-up on the walls at" the" : top;^ 

lir nroh fihl A » Small r. omp n + 4 Mi m-n e» '. ^ « r AVn « !i" V~.-:";i v "i^.* i Jl/x : jLf'ii ^ ; " - 1 " : - 



! r.1 



Inspection of the 
top of the /retort" proper ' : (see!^ 

•■tae gas stream into . the gas ■ diecharge^t)^^ : [] 



and oil to the first ralve 0 /This W>iil#^ 
shale pieceso-.- The ;depo8its/wera..nroD&h^ 



piec 

oil that occasionally 



caked to ihard deposits includ^/ahale^ 
canal for th« comhnnti nn jbRQ«n v'ot^ o*-^^^ 



material j, It seems probably -that^i 
particle size of shale is used* ; 'TtK 



\{x\ 
k 



observed in retorts mth ' Swedish": shale^ ^;V. 
years " ^ . ■ / . : :i>:3^ 

The top of the retort and 'theV hopper^ 
Swedish shale ^ causing .the TOt erJae "^^ 

Th> condensing • equipment ■ f uncti6ned?We^ 4/ ^ ] 

the pipes , as ' the : weather, was : ; »ld ; 'fr^iJ^^ 

pour point* . ' ' t " - 'O '^-"^ ^ 

Ag Sianimaiy'of the test runs; 

Green Hirer oil shale of size 12-3Z:.nnri^^ re^ : ; 
torted in a HG~retort with a thrbughput" q£":.^^ nor- 
isal for Swedish, shale of size 27-7Q: nmVand: a^ 
for Swedish ' shale a The conditions. weraJai-^ 

The oil yield : railed from ..53: taTSBLjSirc^^ 'v: 
are increased vrith about 4 jS. if: the :';recpverabl ; e : is-^fe 

included ? The spec* gravity of ; the^oilfe^^ 

(<200°C) 16-24' ^ by vol* ' ).':."'■] '-' .■ 



Uncondensable pyxolysis;'^ 'Mount --of ; 10e^l63 • " 

Nm /ton raw ahale and 'Vitfr across ^at^^ 

light gasoline) ,> ';Vy'--v£^ ' 

Calorific balances s&ow^th^ ;•■ 
• Green River., shale ,..i 0 Qo -it. .consumes^ 
as uncondensable pyrolyeis gas a ' : :£^ 

It is believed that the : ;sizeTq^ 
sible. for the Low yields and ;?pera;^ 1:/ 
Swedish" shale 'indicate ^a^be't^ may " ■ • 

test rune can 






m 



n 

r 

mi 




1 1 

mil: 



•'" ■ ' V Table' l^ - f '^'r^: ;'" V ' ; ^:^ ■": ; ^1 



Raw ahale' 



Tlo + a 




" •."■..«■•".'*:>.•■■- V;v { . *.**•• 

T : .,kg. .shale/h; 






y-,li«..'Bhaie/|'h'':;« 


•Febr 0 ;i7v'V': : - 


}:[[■■..:■:: X.^;vV 










• ; .:'M8g 


^•1 " : - "if-f^ 
III 

i .^ ; : -r;: r ^ 




- 7 ; ! " J 
4tt#&;rftf&-fr ..*>* • £ 


||||ii§§g 


.^1^256 
/i^l^s?'-^'-:;. 


' ; 19 ' 


•'■ .1 V.. Il'S-V 

. '"t-'}\} 




>tV^y'.viV *.--- 3 u-v.- 
i i * v t'^i > *^ -^-f r, * ' f f - 
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'"Mr. Boyd Guthrie, Chiefs* 752 , TV 7*1 ' * ■ : 

Oil-Shale Demons tratiozv ^BraaaH^*^ 

United States Department f' t>e fkteri r-,^ : 9? -135^ 
Bureau of Mine 3 * :■ 
Box 792, ' ' "' ' / 7' : " 

5 1 f 1 e, Colorado , Airmail 

^T^:nv?v^ Skiff t?rclj«p Atetlebo-lag-e t % 
DearJKxu, Cuihria* 



1 



As you already know we have continued the investigations* 
of the Colorado ahala la our Bergh-Kraratorp furnace. We nuat 
rafftVt^ fctft-TPire only had, 20 tona left of this shale and we have 
^ come to ;*hf 0 conclusion^ tha Va.tj ieaet^gOf r £aas s?WJ4 -am**. fth-al%.. nc ^ , 

wouid r n«.c ; a a sar^ in ,pfd*^ tog f ^illi^^^Urae 't^^ufia^ , i *4 n * 

•'"If^ W ; ha^ t. 

50 W¥"W'%tak r _ 

lsait* fol 1 Wi ng^S s«2ftlll<> pl-oBl fefti - - - — « 

lj Maximum through-put of ehal* in oar xetorts* 

4 s %n t/*5* rs^n i air!??- ywy "fas! * 

V sf*Wce, ; U^ruflna^I^ tt^$4*feiJr*#* • two abal«9 5^ ?*ry " 
; -' m ; ^-AfU^'AhSnBni ^^%*aa^l4o^Ibh 5 %rth^ilE%t* Sn r*t*r* 



riv 71 '""^*' ~- * ,a ^" u *f» * *44»»* jrou l f / S5 a ^our una 

let tar- 6f Jane 8 with your proaiae to sand /our reports "Gil froa 

Coal" and ru ?flll.froB,$il:,Shala!!.am Bwa.itin« you "a' «o»pia^a 3 *t *f 

■ t«t>«lU^ r^r^SWa^ou ttll^lL 

UnrfeVauF^ 

you Ti3ib-3wed6^ : #a y iil ,Ai cail iisMlSf I^Iid hare fiha da 7 a to S athar # 
Wi t^fiy" toa a t r galta f j efkf k# * iwim4 * «tudyiG^ appropri^ 

••''»•- ^ wtafciv?^ i:i £ii!?r?<>T?ri «i»a^d-r *o?- ftoput X Sill oux* fuiuT«? 
^^..^ ".^rj nn-r^r^ln. H^^er T IS now a4?.pa«r«v. rflftatmafc l.y «»rt?b 
t ^?rr vlli tvo* r* -on-r fundfg for at least "©.ftoth«r $.1 

Kopia till Profg. Sch j inber^,. 

,Dir ;< . Sedhack» 
Ing» Brandherg* 



Copyt Kr. Carl Horgren» 
Denver, 



UNITED STATES 
DEPAHTHKHi* OF THE INTERIOR 

Bureau of Mines ^ 

B x 792 
ftifle, 0 lorad 

* June 8 

Airmail 

Mr, Hans Wiborgh 

Svehska Skifferolje Aktiebolage t 

Kvarntorp 

Drot tninggaten 3 

Orebro, Sweden 



Dear Hanat 

Whan I returned to Elf la following a three week** absence, 
I read /oar letter of 12 which included a number of interesting; 

items* She fact that you are doing farther retorting axperinen- 
tatlons on our Green Hirer shale waa of particular Interest to me. 
Tea mentioned that you had processed a one of our ahala in a recent- 
ly ereotad pilot plant* I am wondering if this la a pilot plant I 
designed on the Evarutbrp retorting principle and, if so, what 
success you hare had processing our ahala ^ 

• Aa Mentioned in the report which I a an t you, we feel a 
process designed for any particular oil shale will not he especial-' 
ly suited for another type of shale unless the two shales are very 
similar. It ia rather strange yet extremely important in retort 
design that your ahala should contain approximately half the oil 
and yet twice the heating value of our whale. Then, too* the avail- 1 
able heat in your apent shale is nine times that of ours. It is j 
quite possible, of course* that Modifications of your processe 
may be adopted for retorting Sreen Hirer shale* However, I will 
not go into this matter farther until y oti have received and read, 
the report. 7* will be interested to know y ragxwjiajc. of your pro- 
gress and appreciate your viewpoint tn the international ahale 
industry* * M'* 

Under separate cover I as mailing you a coaplete eat of the 
1952 Annual Heport of the 3ee*etary of the Interior consisting 
of the Summary , Part I - Oil from Coal, and Part II - Oil from 
Oil Shale* This report was released recently and contains material 
in which I know you will be Interested* 

About a month ago a apeoial committee studying appropria- 
tions for the Department of Interior suggested to Congrass that 
both the Rifle oil-shale plant and the coal hydr oge nation experi- 
ment station in Missouri he closed* For about a week our future 
was very uncertain* However* it now appears reasonably oertain 
that we will receive bur funds for at least another year, although 
the coal hydrogenation plant ia being abandoned* 




•r~ , j Sw dan* 



Mr# Boyd Outhrle, Chief :. r .'" 

Qil-3hala Beaoaatratlon Branch/ 
United States Department of thi Interior 
Bureau of Mines* ■ •'*"> * * . ; . 

BOX 7?2> ' ^: *•-}-.*. 

R 1 f „1 e» Gol*?ftd0» * v*- t • f * <\, ^ 



Bear Boyd I 

The answer to your letter dated April 24 hue been delayed 
a few day* due to a rather exteaeire traveling the last t««*# 

fre thank you f$r having diap aidhifcd i *bpy*f JT*** Report 
of Special Teat conducted hora last ysar* fha raport la not yat 
arrived but t whan aa happene 9 ira will of Course study it with 
oar* *nd intareat* 

Judging froa your litter you deaa our retorting proosassa 
not suitable for proceeding Oraatt Hltor ehftlc qualities* W* rasp at 
joar judgement but faal on til a other hand Justified to prtaent 
acme general vlewpolnta pertaining ta tha teste bsing aads. 

The claims earlier mada hare vara f and aae n tally that tha 
Colorado ahala could wall ba proooeaed in oar nethoda. Moreover* 
oar claims alao included tha position that tha oil derived whea 
distilling your ahala with our aethod* would radiator a basically 
different quality aa compared with tha all yieldad at your quarter*. 

Tha flrat taat rune verlfiad our opinion in both Instances* 
Tha shale did bahara itself fairly well in tha retorts and tha 
ahala era da oil derived waa eowpnrable with our alii containing 
20 % and above light ends. Personally 1 think that thia figure 
ooepareo favourably with your produce* Thia la of course quite 
natural alnoa w« apply indirect haat thereby avoiding ooabuation 
of light eada in gaeaous Ptats* 

On tha other hand neither tha tharaai and general efficiency, 
nor tha heat balances computed did Alaplay figure a and values to 
ba rcry proud abont* ftonsthslsaa thaea reaulte cannot ha awaluat d 
independently alnoa thay did hat aim to cira tha anawsr to tha . 
final aultability of our retorto« X.««« your ahala waa processed 
in one of our ooattarolal re tort a hot deelgnsd and only slight ly 
modified for the purpoeo of running your aaterial, Coftsenoln& tha 
test runs last year wa actually anticipated a comparably low 
efficiency in tha first raaa and also told this to your wltnoaaea 

Iowaver» having received a platfora from which tha general 
bohavi r of your Ahala say be ayut d ws hav ventur d int 

etudylng the probl m fuarth r. Ih all y of appr aofaing tha pr blaas 



ir. Redb&ok 



DEPARTMEFT Oj THE INTERIOR 



U KITED STATES 




Rifle, Colorado 



April 24» 1953 



AIRMAIL 



Mr. Hans Wiborgh 

Svenska Sklfferolje Aktlebolaget 
JCvarntorp 
Drottninggaten 5 
OrebrOf Sweden 



Dear Hans ft 

Under separate cover I an nailing you a copy of our report 
on the special testa conducted about a year ago in Erarntorp* 
The report* entitled "Report of Special Retorting Teats Using. 
Colorado Oil Shale in the Swedish HO Retort* * was prepared by 
Robert Beverly and presents similar conclusions as brought out 
in the report by your technicians. In general, it appears that 
retorting processes designed for handling your shale are not 
economically applicable for retorting Colorado oil shale because 
of the large and many differences in the two Shale a* Howeveri I 
feel we learned a lot from the teats and hare added to our knowledge 
of oil-shale technology as a result* 

9e hare duplicated the report prepared by your company and 
distributed it to interested persons within the Bureau* along with 
Mr. Beverly's report, Mr, Carl Jforgren in Denver also has receired 
a aopy of our report on the tests* 

Recently 9 I receired the information from Professor Schjanberg 
concerning the shale reserves In Sweden and your recent production 
figures which I requested through you* The information is just what 
we wanted and I am sure it will be of use to Mr« Thorne and ayself 
in preparing the literature on oil shale* I appreciate your efforts 
in this matter, 

We expect to start operations on our new Gas-Combustion demonst- 
ration retorting plant in six weeks or two souths* Calibration and r 
testing of equipment has occupied a good, share of our tiam lately* 
I shall keep you informed of the results of our early experiments 
on the unit when we hare any Information available. 



Yery truly yours $ 



Boyd Guthrie 

Boyd Guthrie* Chief 

0tl-3hal Demonstration Branch 



Dir. Heaoaojc 




UNITED STATES 



DEPA RTMSffT OP THE INTERIOfi 



Bureau of Mines 



Box 792 
Rifle, Colorado 



March 6, 1953 



Air Mail 



Mr, Hans Wiborgh 

Svenska Skifferolje Aktieboiaget 

Kvarnt orp 

Dro ttninggaten 3 

Orebro, Sweden 



Dear Hans* 

It was very good to hear from you again and I thoroughly 
enjoyed your letter of February 24» I am always encouraged in our 
quest for the furtherance of oil-shale technology when I read of 
others* keen interest auoh as you always ehow. 

If you sensed a recession in the interest \or development of 
oil shale here in the U.S., I want to inform you that we are still 
hard at work on many projects and have made several aocompliahment s 
over the past year. Perhaps the publicity on oil shale was not as 
great this year or it did not reach you, 

I was interested in your remarks about oil-s\hala product markets 
in Sweden and in Europe. General demands, especially in the petroleum 
field, in this country are still high because of the continued de- 
fense effort, although production is beginning to catch up with the 
demand in many field. 

To bring you up-to-date on our work at Hifle, our new demonstra- 
tion-size Gas-Combus tion retorting plant, which will have a through-- 
put of 200 to 300 tons per day, is now finished. Initial operations 
are awaiting the completion of several major changes in our raw shale 
storage and distribution system which were necessitated by the new 
continuous retorting plant. We hope to start operations of the larger 
plant within about two months and no doubt we will be busy during 
ensuing months removing the "bugs" which always show up in a new 
plant and perfecting operating techniques. By the middle of the sumnB r' 
we should have the plant in steady operation. 

Our six- 1 on-per-day pilot-plant retort has been in continuous 
operation and recently we completed an extended process variable 
study. A new pilot plant with a retorting capacity of about 50 tons 
per day also is being built which will act as a pilot for the demonst- 
ration plant, permitting mechanical changes with less expense and time 
and in which optimum operating conditions can be established for the 
larger plant* 



t $wed<*a« 

Gotober 1952* 

Ur« Boyd Suthri*» Chief 

Oil-Shale ?*3Bori6t rat ion Sraaah* 

ffnited States jbepartftaat of the Interior . 

Bureau of Mines, m , 

Pox 793, * ' "' : ' : ' 

3 i f i s ■ Colorado* 



!>ear Boydi 

?ifch your lottar dated 3#?teaber JO we resolved eaaloaed the 
memoraMus Issued by 9tr« 0»1F« Biaaeaa to jlar« $hon< on July 9 

this year* 

la t»ha first plao* aooept our appreciation fo£ your frioadli- 
to rentnrs into this speotrsaeter analysis for the parpoae of 
peraittiag oura«lvaa to eoaipute evalaatioa data obtained In oar 
iuborntariaa. l*h<j aawor aadan* 1* already sahttitted to our reaearah 
-i^i?ftrtK9?it » the dspartnrant of whloh Is pr^aantly aaga^ed la studying 
sand cosypariir^ your data toga ft bar with out nateirlai* 

^e thaafe you for your favourable aoaaaaieatioa a* regards oar 
report subaittad you by Ifr. Carl S??g?ea« Of coara* f this yspart 
zotil* jaat as well boats submitted direot to yoa but I eoaaidered 
It wore correct to ftsaae-1 tha transmission through the so called 
Colorado-group, which oar friend Oa?l dar^rea represents* 

It should be aotod that tha seope of this test with areea Klwer 
nhals Tfts sxolueiveiy direoted far tha purpose af esfcablishiag tha 
oharaeter of Greea River shale oil derived with oar type of retorts* 
»"e aasiAirift this was ao-aoapli shed since the eriade oil reosirgd whea 
retort ia$ Preen River sh-sle in our rsttirte sotii&ined somewhat 20 *A 
li#bfc idA» whiah earn pars* qolta favourably with tha results rsosivsd 
frora erud$ obtained lis Bifle* 

■5a tha other tha efflelenoy of tho retorts was comparative** 

iy low du* to, a a^ri^ of dlffarant fastora, &&0ng *h«» improper site j 
of ehal*> ?hi« effiai<»aay faster* however, #as not ambaddad within 
the teat pregran aa a paraaouat qusstioa. We are, of oaarne, la tha 
easts Banner as everybody else ooapeiied to attack these proUL one 
atsp by atop* And the retort ueed waa aaa of our aoansraial anlt 
deplayed for tha tast purpone aad aot satisfactory for detailed 
control* 

Rowevsr, we are presently tn<a^«d la plaaaia$ a aaw tsst retort 
baaed on the experiences arolved whea mania £ the Sr^aa llrer shals. 
It eeassa Ilka this retort will gire aa aaaaer to anny probl^ma yet 
unsolved aad aa hope to take ap this aatter with yoa within tha 
near st f w months* 
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Harmed be rl ft erkXaaa aottagaadet ar Rdert brar ari (ten 4 aagaati 1952. oeh 
Tl Brarsaada aaatidigt 1 ax. av Tar rafrpert brer pror ««d Colorado a kiffar. 

LaboratorievaderaBkaiageB, tea utf 3rd* a neggraat fare da praktiaka provea. Tiaad 
Tad t± redan fSrat Toro tXaligea OTertTgad* on, BSnligea att aan lake titan Tidara 
fcunde anrtada dan ifragavaraade akiffertypea rid Tar rvaraterpepreeeaa. Ti two 
alltaa trtmgaa att f*r dat praktiaka preret tilltapa tAt aediflerade Beekeahelas- 
aatod. Tl ha i denna retort ■JMIy* att ayaaariigea gett atbrte ar olj* per toa 
eklffer. Under daa proTperiod, aoa atod till f9rf agenda fWr 6oleradoelcirr*rn, app- 
niddee *J gencaumittligt aaaaa geda ntbrte, mb andar riaea prordrgn konao rl 1 
narheten ar da geacasalttarlrdea, aoa rl erhilla fSr t*> ages akiffer. Tl byaa 
ingat tea helat triral on att ri Tid koatlmierlig drift etotlle keaaa app till ut- 
bytea pi e : a 90 %» Att proraa ieka Tiaa datta baror dala pa daa korta prorninge- 
tidea, nam ieka Badger da injaaterlagar, ion nan aatarllgtrle aiata gSra far att 
konaa fraa till optlnalTtrdan, dala pi att eiktaBalyaaa pt prorpartiet ieka Tar 
dan llnpllga fBr ratertan ifraga. ProTakiffern Tar nKaligen nedkroesad fffr att pu- 
a a CTarntorpeugnen. 

Froret gar aaallartid baakad ob att daa iadirekta appaettalagaa kontra daa dirakta, 
aoa aaarikaaarna anTttada, gar an halt aanaa tea fSVatallgar* krmlltat p4 eljaa. 
SI erabllo rl aacnaalagt at a 20 - 25 % benaia, ast att aaerikeaarne kaappaat er- 
hilla nigoa allar aax. 1 % t oeh area daa tragra oljea, aba t! erhOllo, har elker- 
li waa halt aadra oeh btttre kralitatlTa egeaafcapar tta fad daa dirakta apphattttiagaa 
tar. Deaautea fir aan hoa eat ieka obetydliga atagdar laka keadaaaarbar gaa, aoa 
Mllar o.a J.000 kalerier, alltai aa ayeket Tmrdefall gaa, aadar dat att da ieka 
kondeaaerbara guars* vid da aaarikaaaka setoderae Ira si gott aoa TardelVea. 

Ti anae aaallartid - ooh datta ha -rl klargjort ttr -Hra nppdragagiTara 1 Golorad - 
att T&r Roekaaholaaratort laka 1 oforlndrat aklek b8r keoaa till aarffadaiag. Pror- 
Arirtaa har aaallartid giTit oaa aarianiag p*. karu vi akola arbata t9r att fa fraa 
«a prooaaa, aoa ekcnealakt bVf kuaaa h&Tda aig 1 koakorraaa aad da aaarikaaaka fBr- 
faraadaaa, Tarrid Ti saatidlgt akola aa till att Ti laka rlakara da faraaallga krm- 
lltarbiTa raaaltat Ti arhillit. Tl ha aparat at a 20 ton aklff ar, oeh dat Vr t*t aT» 
aikt att 1 alatet aT oktebar liar bOrjaa ar noToabar 1 Ir gaaeafara pror aad d aaa 
Bcrantitat 1 aa fBr sadaa&l t lkapad arkeaatniarad age, tern ri. tax uppfttra ooh dttr ri 
tagit Tir» p4 -nmna erfaranhat r i bertfrda aTaaaadaa. Saaaa pror drags aaall rtid 
dryga koataadar, och Ti skulla aaa dat T*ra rlktlgt, att eoleradoiatraaaaataraa pi 
att liar snaat altt bidraga till tackaodat aT daaaa koatamdar. 
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3430 Seuth Blati St., 
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v&9 originally constructed for treating Swedish shales with higher 
calorific value and sev ral ther prop rties differing from Aaorioan 
shales. In consequence* it warn vex/ difficult r almost ifcpoaeibl 
to account for all alories emerged and s as eaall aisehi fa occurred 
daring th teet raas« All this* however* did not ffeet the g neral 
result and the definite advantages eabedded in our typ f ret rtn. 

5) Tha orads shale 11 derived displayed qualities far ab re 
the oil received from present retorts used in U*S* This* of eourse* 
ia quite evident since the priaolpla of *ia&lreot n heating lend 
itself to better oontrol and hotter utilisation of the product « 
orolved during tho pyrolysis* 2 hen heating and eon busting shale 

by "direct 1 * heating the bulk of the light ends is actually destroyed. 
And these product a nay eoaprise perhaps the «ost valuable components 
inherited in tha shale* 

6) As displayed in detail in the reports the shale crude oil 
yielded between 16 - 24 % light products distilled below 392 F* 
This compares fairly with tha yield df f - 4 $ received in retorts 
treating the shale **r±th *direst* heating* Ihe general character of 
the crude also differs entirely from earlier experleaoa Khan treat- 
ing Green River sh&lss* The permanent gases reaeived daring the 
pyrolyais amounted to between 106 • 15 3 Ja* per ton shala| these 
gases containing several valuable products sush as absorption gaso- 
line f motions and propane and butane hydrocarbons. Tha If 3 oono*ntra< 
tlon in the gas is low* of eourss due to the low sulphur Content of 
the shale* ?ith siseahle produotion units the H ? 3 may nevertheless 

be utilised for the produotion of eleasatal sulphur* She oil also 
contains paraffin hydrocarbons pointing toward' tha produotion of 
paraffin waxes* a product with in fact a high market value oospared 
to sulphur prices* 

no doubt* tha erude oil derived froa the Green River shale 
whsn retorted in our furnace a has a an eh greatar market value than 
orudes received in other retorts subject to research in U*S. Judging 
from the average posted price of different erude in So 5 district 
the value say differ froa £ 0*75 to 1»99 per barrel* 

7) On tha other hand w« are definitely not satisfied with the 
efficiency balances registered during tha test runs t vsluas of which 
being of decisive iaportanoe when ealoulatiag tha general economic a 
of oil shale activities. This somewhat low efficiency record is dua 
to abova sentionad conditions of the shale and the retorts as pre- 
vailed during tha test run phase* Siaoe the retorts were not calibra- 
ted for American raw material we were not able to eatoh sll calories 
that should have baen accounted for* 

In conclusion we here all feal confident that the problem 
of exploiting present vast oil resources deposited in 8*8* shales 
will eventually b« stimulated by using methods yielding high quality 
crudes and also introducing possibilities for utilising all expo- 
nents contained in the shale* And this ia accomplished by oar type 
of methods* i*a* "indirect" heating process©** This type of wet hods 
*mst* however* bo do alined and constructed for their specif lo pur- 
pose and tha type of shale that is to be treated* Tha same oondlti n 
exists of course wlien building a refinery where the units have to b 
designed from tha viewpoint of tha arude to be treated* 

Already last y ar we reckoned that oar rat rts probably had 
to b modified for the very purpos f pr eesslng tha 3reen Biver 
shale at a satisfactory and competitive ffl ien y rate* *he 11 
derived ms ws sufficiently good* Vhen negotiating tha test runs last 



betraffande besok via Bu^eduUiFVMines aijlkgMiug i Rifle,* 
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Gnsdagen den. ' 9/11 • f logo, vi tiil-Rif le. ochr mot togos: 
dar av Mr. Boyd Guthrie och Mr* Lester^Sclarkinitr/. som omedelbart 
forde oss aied Ml; till.: Bureau of Mitte3 f^»s«3Cbafclagglilnff#- Man 
ficlc redan vid aiikdmateii en imponeralidev.bild/av^d^ sfciffer-* 
f yndigheter} 1 som h&r fdrekomma ocH earn; fcakerligen aro av^atorre 
di&ensi oiier an n&gon ahhah akif f ef f Br ekoms t ! ±r varlden* » Sandal 
vagen gicJc utefter Coloradofloden bclr ca-:2OO0 irp tfver vagplanet 
sag man toppen av bergmasisiven, ' aom tacaligen ibdratt . stupade • 
ned mot dalg&ngeru Mr. Guthrie namnde/ att totals- skiff ex- 
maktigheten var upp till 800 foot- odh att skiffern strackte 
sig over ett" oar&de om oa* 650.000; acres*' Oljemaiigdeii' .per afexes, 
30m fcunde ut vinhas * " raknas: till; 10CUOOO baxrels ? ; vilket betyder , 
att. man har hade' en potentiell tillg&ng. air oijav ay : ca" 10 mil- 
jarder Vad* detta betydefc* fSrstdr ma2l , darav, " att den sista 
uppskattningen av Amerikaa' i k^<^ rot 
sig om ca 1 5 mil;jarder = ni^.-'' ?■/ ^V'^, f * t i**-"- ■ •■ • - ' < . : 

• Skiff ems - oljehalt varifetar •' naturHgtvisi: , Dezi akiffer* 
som i dageiis lage arise 3 brytvard, ligger xelativt h«gt upp v& 
slutthingivrha." Vi bb'r jade v&r" genorag&ng. med"' ett bea&k i: deii 
f orsoksgruva, som Bureau of fitin«8 r finlagt^ Brytningen hade upp- 
lagts s&y att nan lamhader pelSare^:utg£5rande^ 25 ^' av" den • area 
pa vilkeh brytningen \t<Sxetog&^:\pBl^ri&B- 'mkit^mxo 60 x 60 ft 
och halruinmsta bredd 6Ch fti' ^akhUJdeii. varl caV5T ; f ti : Brytningen 
skedde tidigare i tre pallax, ; menL 6iaa hdde tiu U'vexgAtt- till 
tv&pallsbrytaing med en pallhtJJd" iav $7 'f ty- Man; hade lagt ner 
aycfcet- a'rbete p& att konstruera f r sin *e f f ekt 1 var. borrmkskiner. ' 
Effektiva borrhastigheten: per Arbetate --vaarc aoO-'ft/dag* Ntunera 
anvandes' uteslutande roterande bbtrning (tidigare farekom i visa 
utstraciniing stbtbo'rrniiig) • Bd^ninge&v ikedder 4 hdrlsontellt med 
fyra borrst;inger, nionterade ; 'p4 'aamma^mfiskihV' M sistlidne 
februari haft ett' 'allvatligt jtti^asf&dh ^etta g^orde, at1^ man t 
stallde sig -betanKBatf' mot : avs^tteaet* 6^ ' ! 
raknade nog ined att i framtiderr £& lovv&tt- miiiska dettia avstfihd. 
Storleken bestamdes i visa tnidx av att man ville ,ha avangrum for 
stora lastmaskiher, sofa- di'rekt lastadel'Cekiffetif^i 

ningskostnaderna uppgavs till 30* QBhtw/timi vilken sit'fta dock 1 » 
vid senaro konf erenaer kotrigeradeis- till ^38 efejats/tfen skiff er f , . 
lastad- 1 truck vid gruvaha myiiiiing* ' Alit ^'i)ftitiatv'g&'da/isiralaaades i, 
da sasorri fyndigt bexgW- "> * ■ * ; v f ." • ■ i 

Darefter besokt^S r^tottatila-g^ ktdesades ? • | 

i tur och ordning i en Vaiilig' Blak^e tuigg&re^/ sn ; haauriarkrosaf och 
i en konkroas* Allt' gods finate* an l/4' n avs&liadeaV Den ugnatjcp, 
som kohstruerats av Bureau' of ' Minea j^ den Bilc» ; Gas- Combustion 
Retort, firms beskriven i litt. Bet bSr obaerveras, att man vid 
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konstruktionen g&tt ut ifrAn att a& einS kvantiteter vatten 
3ogi raojligt skulle f& kocima till anvandningj d& man icke 
har nagon mojlighet att skaffa vatten annat satt an genom 
att pump a upp detsamma fr&n Coloradof loderu Fbr kondenseringeit 
kunde vatten icke komma ifr£ga. Metoden bygger pa att de icke 
kondenserbara gaserna £terftfras och forbrannas i retorten 
tillsaonans' med skif fern. Pyrolysen aker i en zon ovanfdr 
f orbranningen och pyrolysprpdukter.na. . ...aysu^as japptill* Under 
passagen genom den kali a skiff irk 'kd&dMSe^d^ oljan* Det ar 
darvid av vasentlig betydelse. att d6/ i ina* dropparna inte 
flyta 3amman p& skiff erbitarnas yta* I stallet erh&lles hela 
oljelcvaatiteten i form av en "fii^dimma* Dimman sl&s ned 1 
en rotoklon, varjlmte man har en restayskiljning i elektro- 
f liter . Gljeutbytet uppgava till 95 - 93 f i den lilla fbrsoks* 
"anlaggningen, sou* tidigare kfrrts* I den nuvarande anlaggningen, 
som hade en genomsattning av 160 ton/dag, hade man annu icke 
uppn&tt s& goda re suit at (f Sriaodligen ej meran 90 fi)* Kdlet 
i den bildade koksen fb'rbrahfles icke* d& den ttiviimbara kalori- 
mlngden ar sS liten, att man icke vill komplicera ptocsssen 
genom att anvanda denna del av skifferhs varmelimeii&ll • UtgA- 
ende koksens te&peratur ar under 20Q & Fi 

_ Fb'r provraf f inuring,.: ay. -den ^roducerade ejcif^eroljaa 
hade s m&n e 1 1 lit et "fcaf f inaderl ''^me^V:^^^^* fcracii^inslaniagg- 
hihg; dljaaj.' Sda; erh&llel li^refo my eke t ' .. 

tuhg 61 j a me d " en \b e ]&nIiihaLi"C|;y '^endas t nigra • $ * • \ DezL krackada 
bljan raff ineraded me&jkokc^^ 

stora yolymsfcJr luster / Bet aiiMgs/ att Eelt kadia raff inerings- 
met oder maste .komma till anvandning dm en\produktion tommer 
.till : stand* • -■ \ 

Ilittills har amerikanska staten gendm Bureau of Mings 
lagt ned 14 milj* dollar vid fiif le ooh dart ill 6 ntilji dollar 
yid Laramie, dar det mer vetenskapligt lagda studiet av skiffer- 
prddukterria agde rum* For dagen ar sitilatlonen den* att man i 
Kongressen overvager huruvida arbetet vid Rifle och Laramie 
stall fortsatta att hallas i drift eller ej* Man anSer* att 
amerikanska regeringen utf Srt - tillrackligt grutidlaggandLe arbete 
och att det nu ankommer pi den privata industrin att ta vid* 
Man ar i USA bestamd motst&ndafe till att staten sdm sddan- 
skall driva kommersielia anliiggningar* 

Hr« Guthrie namnde att, sAvitt T&an k^ride till, endast 
Union Oil fb'r narvaran&e hollo pfi mel alcifferforskniiig* Tidigare 
hade Standard Oil of Hew Jersey byggt en farsdksanlaggning en- 
ligt f luid-bed-principen» Man hade emellertid avbrutit fSrsSken 
dd man icke kunde koiauia till ratta med den hoga halten skiffer- 
damii i dljan* 

Mr* Guthrie omtalade ocks&, att man fr^n utlandet visat 
intresse for Bureau of Mines skif f erf&rsHk* Mr* Jos£ Schor fx&n 
Brasilien (sooi aven besokt Kvarntorp) har studerat Rifie-anlagg- 
ningen. Det syp.es som om man nu antligen Syerglvit tanken p& 
bearbetning av den vfita P'araiba-akiffern- i Brasilien och bar jat 
studera en annaa skif f erf Srekomst (Irali ?)•• Aven frdn Jugoslaviai 
hade en tekniker besokt Rifle* Hr 4 Guthrie trodde,att man i 
Jugoslavien p4 egen hand bbrjat bygga en gas combustion retort. 
Vissa ritningar o.d* hade Bureau of . Mines stallt till forfdgande* 

Santa Orus deii 13 november 1955* 
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Till srar p& Bder farf^aa tlll Dtrak^ provkflr- 
nin^en med Colorado«fclffam f be rl : f& m#ddelft, ^ ait ; jsrwk3xtdng«i u-fcfSrdee i 
slut at av fabrumxl med rolatirfc gyrmimt r©5ultat* Tflr •lutrappoart ttrer fSiv 
afficen Or tmdar utarbotanda : och ! komar ai* *a£a f ardi« ubdir da nMraaata da« r &r- 
na f d&rl ^edalbart kcttiaa ait ^^j^ 

Med utaftrfet htJgaktdin« 

1SKA SEOTFEROUB AB. 
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PRODUCTION 

*as Combustion Process Undergoes Tests; 
f lesu/f in Cheap Oil from Oil Shale 

'With preliminary ' engineering and design work al- 
jady under way, a new plant will be in operation next 
sar at Eifle, Col., employing a new and very promis- 
.g process for the continuous extraction of oil from oil 
tale. 

Under the supervision of the II. S. Bureau of Mines, 
hi.hI. ruction Jinn boon awarded to "Rluw-TCnox Oon.st.rua- 
*n Co. Major objectives of the new retorting plant 
'e: 

To determine cost and yield data that will permit an 
curate evaluation of the " gas-combustion' ' process; 

To provide the technical information that industry 
eds to design commercial plants; 

To supply crude shale oil in the quantities required 
r the Bureau's refining studies. 

The new demonstration retort will be patterned after 
6-ton-a-day pilot plant which has proved the new 
jas-combustion" process both the most efficient and 
e most economical ever tested at Rifle. Capacity will 
age from 150 to 400 tons of oil shale daily. Plant 
sign will permit a wide range of experimental operat- 
l conditions, and will include all necessary instru- 
sntation for accurate process control and exact 
tasuremcnt of results. 

The gas-combustion process was developed by the 
.reau 7 s staff at Eifle during intensive studies made to 
^r some simple yet efficient and low-cost continu- 
athod for extracting oil from the immense re- 
ves of oil shale in northwestern Colorado. 
?ov about six months, now, tests run in the Bureau's 
all jnlot plant have revealed good oil recoveries at 
h throughput rates. However, only the new demon- 
ition unit can confirm development research and 
)ly it on a scale that will translate theoretical results 
d concrete facts essential to private industry con- 
:ring commercial production. 

'here are two important features connected with the 
7 process : 

[t produces and uses as a source of heat for retort- 
a low B. t. u. gas obtained from the shale and 
•ned in the presence of air. 

Jnlike most other retorting processes, it requires 
;her water nor an elaborate system for condensing 
liquid products that come from the retort in the 
m of mist. ("Water, in this semi-desert area, is a 
rce and valuable commodity.) 

Iven more important, investment and operating costs 
the new process will be substantially lower than 
ae for other processes tested by the Bureau, thus in 
a lowering product costs. Although the grade of 
de oil obtained by means of the new process will be 
tewhat inferior to average petroleum, finished pro- 
its of good' quality can and will be refined from it. 
'he system works something like this. Crushed oil 
fed into the top of the vertical retort and moves 



downward by gravity against a rising stream of gas. 
Air is injected near the center of the vessel and the gas 
burned. to provide heat for retorting. As the rising gas 
from tlie combustion zone and the downward moving 
shale pass each other, the shale is heated and the gas 
is cooled. Upon leaving the retort, the oil-mist-laden 
gases pass through an oil-collecting system. Part of it 
is returned to the bottom of the retort where it is pre- 
heated by spent shale before entering the combustion 
zone. The large volume of excess gas remaining could 
be burned to generate heat or power. 

Thorn arc several further advantages in favor of the 
gas-combustion retort: 

► The design is extremely simple, with a minimum of 
moving parts ; 

► Construction and operating costs are low ; 

The retort can be easily enlarged for mass-produc- 
tion operations; 

► It has a higher retorting rate or greater output per 
unit of area than most other retorts. 

During a recent 10-day test run at Rifle, a pilot plant 
retort using this process achieved a high recovery of 
liquid oil and demonstrated high capacity. The oil 
yield averaged 96 percent of the Fisher assay value of 
the shale treated, and the retort handled 230 pounds 




— U. S. Bureau of Mines 



OIL-SHALE DEMONSTRATION PLANT set up by the Bureau of 
Mines near Rifle, Col., include! crushers and 8-T-U retortj, at the 
far end of the processing area. To the right is the refinery and to the 
left, office and plant service buildings. To the left of the boiler- 
house's tall smote stack are pilot plant and laboratory buildings. Tests 
have been running at this pilot plant for six months and, the process 
has demonstrated a good oil recovery rate. 
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INDUSTRY 



BULLETIN BOARD.., 

Solder A brochure on the nature, properties 

and uses of solder has been published by Feder- 
ated Metals Division, American Smelting and 
Eeilning Co., New York, N. Y. Profusely illus- 
trated, the 36-page book has been designed pri- 
marily as a reference work for both the layman . 
and the- technician. 

Machine Tools A new up-to-date edition of 

The. Cincinnati Milling Machine Co.'s general 
catalog (No. M-1712) has been released, with 
new coloi^s and introductory treatment. Cin- 
cinnati offers also a completely new, illustrated 
booklet on its 8-by-18-inch tool and die miller. 

Diesels Several diesel models produced by 

International Harvester Co. are described in 
new bulletins just issued by the company : Cata- 
log No. E-51-A covers all six four-cycle power 
units, ranging from 45 to 180 hp. and capable of 
powering saw mills, rock crushing plants, hoists, 
shovels, pumping installations and portable 
crushing plants ; the largest diesel crawler trac- 
tor— TD-24—suitable for snaking out heavy 
logs, laying the largest pipe, coal stripping, high- 
way filling, is covered in Folder E-27-A ; Folder 
E-29-A covers model TD-6, which compacts and 
loads fill, lays telephone cable, clears and grades 
building sites. 

Motors — — The totally-enclosed, fan-cooled 
motors produced by Allis- Chalmers are described 
in a new bulletin (05B7150A), available from 
the company's Milwaukee, Wis. office. Bulletin 
covers squirrel-cage, wound-rotor and synchro- 
nous types for both horizontal and vertical in- 
stallation. 



of shale an hour for each square foot of bed area. Qual- 
ity of the oil was comparable in every respect with that 
from other retorts in which secondary cracking is kept 
at a minimum. 

Highlight; On the basis of the test-ran results, a de- 
tailed engineering and economic evaluation of the pro- 
cess is now being made. If this evaluation and further 
tests confirm its indicated merit, the Bureau of Mines 
will consider building a 300-ton-per-day pilot plant to 
demonstrate the engineering and economic feasibility 
of the gas-combustion process for commercial scale 
operations. 

If the considerable investment and product cost re- 
duction indicated by preliminary analysis is combined 
with other improvements in technique, over- all capital 
investment for commercial-scale operation of- the new 
process is expected to be at least 25 percent under pre- 
vious Bureau estimates. Guess is that the new "gas 
combustion" process may be the answer to the shale 
oil problem. ' 



RESEARCH 

Soconyr- Vacuum Awards Physics Fell wship 

A total of $2,000 was awarded to Brown XJniv 
(Providence, R I.) by The Socony- Vacuum Oi 
Inc., for the continuation of a fellowship in physi 
the coming year. 

. During the 1951-1952 academic year, Socony-Va 
will support a total oi 20 fellowships at college 
universities throughout the country, at a total c 
$40,000. 

Continuing the program instituted several yeai 
by the company, recipients of the fellowship a: 
lected by the universities and colleges from stu 
who have completed at least one year of graduate ■ 
No restrictions are placed on the recipients by the 
pany regarding future employment and publicati 
the results of their investigations. The student 
free to study subjects other than those connected 
the petroleum industry. A major portion of the f e 
ship stipends are paid from Socony- Vacuum tc 
students, to help defray living costs. 

Bureau oi Mines Sfudles Beryf Recovery 

Beryl, a metal vital to industrial production, it 
object of a research program now being xmdertake 
the Bureau of Mines. At the present time, no prae 
commercial method exists for recovering minute 1 
crystals. 

Mining engineers are now opening up a pegni 
deposit in the Black Hills of South Dakota for rese 
purposes (beryl occurs in pegmatite deposits, a 
with other unusual mineral formations), in an atte 
to discover some practical wa} r to mine and rec 
beryl and the other minerals found in pegmatite 
posits. 

Highlight: Beryllium, the metal, is used in the nn 
facture of x-ray tube windows and as an alloying aj 
with copper. Success in this recovery program \v< 
mean more plentiful and cheaper supplies of this \ 
material for many diiferent phases of industry. 

Helium's New Baffle Keeps Cold 700 Days 

Only just out of the laboratoi^, a new vacuum bo 
is helping scientists and researchers stud}*- the behm 
of matter at super-cold temperatures. 

By the use of this bottle, developed at the Wcsti 
house Research Laboratories, it is now possible to s 
helium, the coldest liquid known to man, in liquid fc 
over long distances. The new bottle keeps helium a 
temperature 8 degrees above absolute zero for Ion 
than 100 days — a vast improvement over the perfoi 
ance of containers now used. 

The new bottle is made of copper in the form o; 
sphere and immersed in liquid nitrogen at 300 degr 
below zero. To counteract the tremendous pressi 
which liquid helium builds up when it evaporates, 
tiny opening has been made at the top of the contain 
Helium is in wide demand by natural scientists evei 
where, and the fact that it can now be shipped so easi 
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World's Busin* 



f Sweden 
September 27, 1952. 



55r. John W. Savage 

Savage Oil Shale Development Company 

P.O. Box 112 



Da B e q u e, Colorado 



Dear Mr. Savage* 



A sr>r «&S #^^rT- 



It is quite a long time ago since I .got. your, letter. I deeply regret that I have 
not written an answer earlier. Many 'things have ocoiriBd since spring. As yon know 
I went to Canada and' studied 'th¥ tar ekfia M<p6s«8V» ir^^^-int ereistixlg to see 
these enormous res'oifrcee "and' stiniila^iixg'tci ;*IM*a a^l^^t-prdject^ T Returned 
from Canada (also'passW itew fork J* aflil*ii£Yr *eln^^ field 
tests, which roay.be started next year; ^.^"i* Wrt , M?ff ^ V/ , * , 

rn your letter you -ask one question acracerAi^thtf *ble 'of hydrogen in^the pyrolysis 
of oil shale. -Mr Barlot ccmsiders thaV hy^ 

yield. Aa* f ar as we have ' found theire is no effect of hydrogen presence , at least at 
normal pressures. ; There are certainly ,many factory changes 
in the oil yields as the 5 - 16 & observed by fir/" Bafldt. '" ' r 

I send you my best wishes and hope,. we ahall .aaa^.agaa^ n . s .,. v .,< ...v ., 
Sincerely yours, 



(Gosta , Salomons son). 



^ri si ^. \ * :-t y* 



&r. Carl A. fforgran, . 

340Q South Slati 3t»# ' ■• 

£ngl *qrpod« ffolorado. 



Daar Carl i 

la »y last la t tar to yoa it w*a aoatiaaad that tha raports 
ooraring tha S««n JJtwr shalo t«»t rasa w«r» oonaludad «ad aabjoet 
to Tarioaa gsnar.l aaaly«l«. *• rat*ln«d tie roporta aara for ao*a 
tlaa la ordor to eatahliah a prograa fa* oar aadaaroara to praaaat 
yo« a oonatrttatira proposal for tha a«it paaoa of avolrlng taa 
i.n*«r*at la 9.5. for ahala oil •pazatioa*. 

Tastarday *♦ hold a ataff Mooting t*no*t*lag thasa qaaatlona 
sna the beat proeadura far *a lnt*lli*«ttt d«T«lo ? »«nt of on* statu*! 
Intaraatv I* *8e daeldaii ta rolaaao tlaa ri^ortW iaaodiately and f 0ar 
eopiaa ar« today dlspatohad to yoa fry air* Tva of tha 3* eopiaa are 
aiaad far Sojfi Guthrie aad John Savaga ana contain «*ch a letter 
fxoa Br. A*o Brsadborg, oar raaaaroa apaaiallst. Xtt his lottera to 
Soyd and John a one details ara explained rmgnrAtng oortain changes 
In tha research routine* 

Sbaa ooratlaiain«r t*a raports jroa will f lad following* 

1) Tho pro causing of the Graan Rlrar ahala la our rat or t a la 
earriad out without dlf f ioaltiaa# l.a. aontrary to aagoaatioaa 
•»rliar diaplayad by mwmx^l apaoialiata Intaraatei in othar aohoola 
a nd bo t hod a • 

2) Tha ganarol boh^rior of tha sftala and also tha rotorta 
during tha teat pariod h&raoaisad fairly wall trlth tho preliminary 
in-rastlgatioaa and asaiyaia aad a at oar «» soar oh laboratories. 

3> 3u« to the «£>»olfio oharaatarl sties of tha Groan Rirar ahala 
theae fir a* taat rata oarrlod out w*ra oada la tha &aok»shols oalt. 
Tn oar oarllar eorraapoadoaeo with yon tha raftsas* for this roatlaa 
ara «xple»ined« Sasavar, a? proovaalag your ahala In tala ratort a 
broad aaaa waa aaooapllahadt for tha evaluation of hast balance*, 
throughput and dsralopaoat paaalUiliiiea. 

4) Tha flrata Hlvar ahala chare** In Eta-rotor* and boin^ oruaaad 
la Blfla aaintalaad partiala also* daf laltalj too stall for an 

ffioiaot troataaat in tha &o oft o ahala furaaaa- Thia paroly payaloal 
condition of tha sfcalo prodao d tha roamlt f da raaaia^ tha yfald 
and loaoriac th avara** *ffl lanoy fta vttaaaaad T»y John SaTOga and 
Soyi Guthria. Ifaraorar, tiia H4J-r»tort ti*«4 for tha taat ran parpoaea 



«ra» originally constructed Tor tre&ting &a«dl*h afc&isa with higher 
o&lorifie value asd eeirai'&l ©thar prepfcrtiatt differia# froa Aa^rioaa 
ahalea* la eoja«e£asnae t it was very difficult or ftlsoat 1 appeal bl 
to aoooaat for all calorie* ofcarjad aad eoaa fcwall aleehlefa oosarr 4 
daring tho taat ran a* Ail thia t hovetor* Aid s©t a-ffeat tho gwwl 
result a«4 the dUflnlt advantages feab ddei la oa* type or r fcorte* 

5^ T&e crude ahale oil derived display** qualities far above 
the oil raeeivod frost present retorte a»ed in This, of eoaree* 

Is quite evident ainca the prlaelple of Madlraet* keatih^ lestd 
ifca«lf to tetter control fcad better atiliaattaa of tha pro^uetn 
avcived during the pyrolysl** $ha& heatiag «mi eoahaeting; ahale 
by *diroat* fceatlnj the bulk of. the llg&t eada ie fcfctually destroyed* 
And these prodaote may ooapriae perhapa tha Hani valaafcle aaapaneata 
tnharlted la tke shale* 

6) A» displayed la detail 1» the reports the ahala ot^c oil 
yielded betwee* 16 - 24 £ li#&* prolate distilled fttlw 392 F. 
?hi* ooaparea fairly *trlth tha yield of 2 • 4 1* reeeived in rettorta 
treating the shale *i*h *dlraat* heating* fhm general ofearaeter of 
the crude aleo differs entirely froa earlier experieao* *r*&ea treat- 
ing Or*«a Elver attalaa. sae peraanaat raaelved during th«i 
pyrolyeie amounted to between 199 - iSj 8»* per toa sfc&lej these 
^&9«9 oont aiming ear oral valuable predaeta aaoh aa afeeorptlajs g&a**- 
line f Taction a and propane and butane hydrocarbon e« t&a S 3 (joafiaatra 
tlftjc in the g»a la loar* of ecaras due to tha lew e&lphar ao&teat af 
the ahale* "frith siaeabie pro&aetiea aaita the aay nevertheless 
he atiliaeS for the ^rodaotioa of aleaeatal aaifhar* oil aleo 
contains paraffin hydrocarbons pointing totfard the pre duet Ion of ■ 
paraffin wsxee, a product with la faa* a hltfb sarfcet eaapaarad 
lo 8**Iphttr prloe3* 

tfo doubt* the ar^d* oil derived fres the 9r«aa River ehale 
whvn retorted ia our famc»B haa a aaeh greater aarfcet t«1w than 
cr;i,d59i reealred ifi othar retorts a^bjeat to reaoareh tn J^dflttg 
from the arera^e posted prlea ef dif feraat arade ta So 3 dlatrlet 
the val-ae a«vjr differ froa ^ 0»75 to 1>00 per barrel • 

7} On the other bead ** are definitely aot eatlafled with lha 
effieie^oy balaacea registered darlag tha taet raaa f valaae of «hleh 
being of deoleire importance vben aaloalatia^ the tfa&eral aeonoaloa 
of oil ehale aatlritiee. Thle eomevhat laa effloieaoy reeartt la dae 
to abovo stenilosittd ooniitlo.no of the ahala aad tho ratorta as fr?- 
vail94 during the t«at run phase* 3iaee the retorts *^r« not oalibra- 
%ei for is»ric&n ra*r s^torial ve aere aat aM* to oat oh all oaloriea 
that ahojld hare beoa aoooanted for* 

In ^onolu^ioa here *ll feel eoafld*at that tae problem 
of exploiting pr^eeat raet oil re&oareea depaaited In ahales 
will evoatually be etiaalatad by aela$ methods yielding hl^Jt quality 
crudaa and alao i&trad\ialn$ poaalhilitiaa far utilialag all floepo- 
nonte contained ia the ehale* Aad thle ia aoooapilohad by ear ty^e 
of wethode f I.e. ^indireot" heating proaaoaae* Thla type of aeihada 
Quut, howov«r t be slotted and eoaatruetad for their epeelfie par— 
^oae aiid the type o.f ahale that ia ta bo treated* ©aa condition 

exlaia of ooiirse a ha a buiidias a refinery vhera the anlta have to b 
d^eigned froa the Yie^point of the orude to be treated. 

Air edy last year we rao&oaed t&at oar rat rta probably h*d 
to be aodlfied for tk rerj purpoee of proee^^lns taa Green Sivar 
ahale at ft eatlaf no t ory and oonpetitir ffl i soy rate* The oil 
4eriTad B«*ef*» auffielantly good* tfh n a aatiatlna tba taat rune laat 



ysar gu^atod to tr«at the Gra»a Sir r *hsl« in * fcrnrntorp 
anLt umA aotuaJUy co»s3<*no«4 «r et±U£ * #11 t plant* Without SrxsoKina: 
the behavior of your 8Hcl« tha prop r d«aig*n f thia pilot pl*t*t 
waa not exaetl/ a att&bii&h*d« d ©a pragarit xparianaa saai r*l*a* 

rscdifced froai tie ifiat j^uas 1* t apriag w* will prooood i&tt di&t lj 
with ths fiaal «r otlon f mantioa d pilot plfeat* 4asi#aj beln# 

jaaatfla* b/ She kn«nrl*d$« bov r*s*lr d. This plant will be rs&iy 
for of**ratio*i in G«t-3h»r this ya«r» 

3'ith thte as atria* Xv&ratorp pile* plant wa will process tha 
remaining ^ttantitj x>£ thm fcraon HiY«r sh*l# **iil ttt 9t»r po»f&*a3ion t 
Bom* 20 tons* Based on tbia w# will safest t you A proposal for 
d«tt lopopnt of «n ftttraatirt» ratort aspaalallx &«*lg<ae£ for "treating 
Colorado Ahala* It May oocur that that* &*rr«lop3t«At costs ftlght b« 
* little high for para apaonlntlra purpo*aa« Th*r*for* t might 
both oonaidar what bar aome ooofaratl?* *#rat«aaat could b« Argiwn whsra 
wio»« oon tribation. frow 4T3*r p*r*y of intara&t oaald l&a nagt^ti&tsa. 
r»rs»lt a* to return to &11 this itt «, acmpia of «4ath« whan a&n 
tfca r««uita from &datioaa<i taat in Qatobe** 

?ith th* very bast ?«g$*rda to yosu 

Siacaral/ /ours* 



STopia till Dir. Gajrot, 

Trot* Schj£nh«rg t 
Sir. HerdbSckp 

ring. Salomon ssoa f 
Ing. BranSberg. 



SAVAGE OIL SHALE DEVELOPMENT COMPANY 

P. O. BOX 112 
DE BEQUE, COLORADO 

TELEPHONE 6-J JOHN W. SAVAGE 



April 10, 19$2 



Dr# Gosta Salomonsson 

Svenska Skifferelje ilktiebolaget 

Etrottninggatan 3> Orebro 

Sweden 



Dear Etr* Salomonsson: 



I want to thank you for the very great consideration you 
gave me daring the tests at Kvarntoxp, It was a great pleasure 
to work "with you and it was . also ertremelly inf omative* 

Did you have a pleasant trip? I hope it was and also that 
it was profitable* I judge by the nevrs reports that it was 
successful* 

I have had the flu since I returned^ but all is well now 
that spring is here* 

Enclosed is a copy of a paper "by Jean Barloti I know of 
no confirmation of his work and there is considerable doubt that 
it has any validity in respect to Colorado shale* TShat do yon 
think? However, if it is true concerning some pyroiysis reactiois 
isn't it logical to presume that a hydrogen atmosphere has sbite 
JJ effect in the pyrolysis of kerogen. 

Please give ngr best wishes to Prof # Schanberg* I hope he 
has fully recovered* We were pleased to get copies of his "Fuel" 
paper and also his paper on "Some Research Problems which have 
been Studied in Kvarntorp". . 

I T m sorry you didn't get to Colorado this visit, but I 
surely, hope to see you here in the not to distant future* . 



Vfy very warmest regards to you and your staff and thank you 



again, 

Sincerely yours, 

2 End* 



acerely yours, * 



HIDBOGEHJLTIOH OF BITUMINOUS SHALES U1TD1R QRDINJLfil PB1SSUKE 

nr.* Prtaentaddby^ la a 

'•^^iH'-r^ tiv* -^^rrM^n th$?a' £c&4i%Jsfc3t ti*s jsgridl. t-*s$ i^p^rk**!* 5 ?'* " 

Compt read 201, li*M (1935) " 

The pyrogenatioa of fritumln<ta*?#hal*a^in aa itaoaphere ©ftaitregen, efve*5*on 
dioxide or of Water vapor tr^afJnrmeli^vari^ fSstba total etrgiaiC 

matter Into oil and gas. 

;lhll7**«d»**lk*fta a complex mi*«8r*&*ff^ 1*i8k**a&K 
defctfitititr^ ted ^ poiymerlaation rea«*i<ats are prid&eed epofttaftaattaly. By ffaa- 

r*ioftal'.:M»*lllEtioii^aae may treparit#4* aeri**t*FStors or lfttft*tolatil* By»fc6- 
ea*b<ma^and the*e?**aiina a fi*id4#*«idu#n^^ 

about 25 to 35 per cent of the total quantity or the all; The liquid part 
Tmsntatoa-eft theriirerate;:^ tlM»*iB*t*dd(|^ 
*«n;itllenoifcear;-kiftdj- thelgaa awlwe^iaithe^wru^^ 

af notable quantity of free hydrogen, perhaps ad rimcS iUi AO per cent by 
weight. 

These factors allow one to believe^ thai pyTQgenation ii the presence of an cx- 
rhdets^a£^ydroi#n: ahfeuldct&allge 6Sfl*iderably th* nature of the products ob*- 
itkiited. ?IjK*?fa«i^tecairi for* , ha*v «aiabli*h*£ r ^irisf^i^i^**& wtttift 

shalee**adet^«levk£^ f^es«rt*ip*ttl^^ and improVea the 

Quality M^thtvprtfMt&a ittMfe(^£¥ -Itefee*) * ■ ?^ fcsiriL**, fc% p* 101 3,. 

We hare had such results, without the addition of a e^alyst, and under a 
pressure essentially equal to atmospheric, when dia^bllng ihalee of variauip 
origins, in pure hydrogen ot industrial hydrogen* or - ik mixtures of" carbfdn 
dioxide and hydrogen containing at least 60 per e«rfc -bf fee latter, tfeder 
these conditiona the yield of crude oil ia ali^tiy -increased (5 to 10 per 
cent) ; the Condensed products still contain a large proportion of unsaturated 
hydrocarbons (about 25 to 30 per cent), but upon fractionation they distilled 
entirely below 360° C. and gave only a email quantity of asphalt (0>5 to 1*5 
per cent) . The asphalt Is a product of inferleyr .taluai its nearly tqtal aup- 
preeaion gives a considerable Increase in th# pfcraafitige &f the light oile, 
and thus one may visualise the exploitation of deposits which are at present 
considered too poor. 

The apparatus employed is of the same type aa that previously described for 
making analyses and studies of yields (3). It is eoispeaed essentially of one 
or more steel tubes of A cm. diameter and 4G em. length r heated electrically, 
or with burners to 500° to 600° C. for two-thlrda 6f their surface, the hydro- 
gen or a mixture of gases rich in hydrogen enters at bne end- Condensation 
is In a flask surrounded with water followed by a Scmmalet tube cooled to 
minus 70° C. t or by a gas-oil wash* 

It la not necessary to dry the hydrogen nor to purify it before ueej alao, It 
Is useless to inject super-heated etefia, and also the shale may be distributed 
in- the tubes Without special preeautio&a* 



<' 9 {/ 



Ha a nwtral atsofrphera* I* i* &w*isary\ W4amif« ra£id *?*<hiitiba of 
the gaa and liquids formed to &Toid aeotmdar^ wadiiotia; la A\<**dueittg it*/ 
mosphar*, the bbaarVation of th*?e eoMitimg ha* moh; Aaai iapsrtaacaj 

Hera kra sewal characteristic* of aila obtained from atatai-al aaaplei of 
ahaiasj . , 

" - '* " • ' t - • - ' > ^ r W • ,/ '/ w 

latmitt Jtetea SrerahiSr Chili 

Ktdcartita. ©tal* Shitla Shal* 

lielde of Crude Oil, Percent 23 1? 6.5 « 

Distilled Between - •- 4$**.36<3°tf. 40*«£30*G. 4#*34$*e. 

Asph»J.t Content, Pereent " li5 1*1 G*8 1 ' 

Total flttjfto, Pereeat , 0,34 . -*,4* ; 0*4* 



The greatest ^rtlon of the suifkr it *3jsriak*e^tf the «o«*s* of pyrttgeii&tion 
aa hydrogen Sulfide without lie produelag any appreciable «tt**K on the steel 

tubes. 2.7 <7 ■ 



(1) . Meeting of lath, !fo*«nber 1?33. 

(2) . T. P. Tiaifcejo* and f 4 PV fflSreSKfrv - Patty ife&rlsls, petroleu* end It* 

Derivative, Id* J23, Eeroh 15, 1935, p. 10,441. 

(3) . J. Berlot.- ...(Baa* eee v eliia. jT 0i i, 1334, ^ 1014, 
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Avsflndore (ovd. + namn + tcorreip; sfgn.) 

Jag h» hSr app -«tt';» *r i^' l ag$|^^ 
scat kanaka fcus t j&n& till i 
Golorsuio-rapport«iu - 1 Skoll* 
an at* san aist* f&j* * 4* iafllcsgaflga* 
Colorodo-grttpp«a oa te r»sultai r -worn 
1 bcd&aa* nan bar bob halst ha *±/'jii 
ftat 1 antyid *±JdSiiiig* o*fc ailiggBsr ^,^ > . _ 

Oa Da ira«r* fttt iai»''^ 
diralrtSr Balillii* on kopla «r Bli«i» 




H^Sxtliffi hftlaningar 
tillgiYn* 




VJ. ;t } Huh 



Tidi F?«»t4ttti In OHsrgi of Sal^s 



Kopia till Mr* Carl WargTmn 9 ^ 

Blr;, Qejr t f Prof * 3ohdiab«r*. 



- . -- - , _ • t _ . ■ » . Mfci^lC 



'-*".■ 



M*. Bo j 4 «w tarda, Caiaf 
& 1 f l a Colorado* 



f. 7— U • 




&3z * it gis i 



a aw ** vi» - 4 rM« wt v.<p« laat^y a>aa *y^..-<fc«fcjr«» WA-vuwm •>.• - «a«a^->. «B4Sf;*j * «■ ^ -•»? ! y • i 

>raaka*a ia^^miU^'-^m'lt-^^^aly^liilU^ii ->wii|a%*. '.: 'jfo 

da u daai«na.d :: ^«7. J&; il a.iaa Im'iiailA^fli&iaM'in^ f jfoo 

a*oaV Pabrnar/ l«t. fa wil^»aaw;':&ia '*aa*r^ 

with hia oa hi a arrival ia 8to«ltmol* wka^ wa Maatiat" k* will 
ataj at «ran4 Hetwl« « Va rafraiai: * r»a ' i^ilW ^i*^«Uoa "- 
taara ia ordar aot to iniarfaTa wila Ma jlaaa aa *ala« drawa 

ia Hif 1« . V ••■ • i •• " \ .! *" " 

T oar kiad >ar adaal **j>mrtiyiiftaTff^ •• 
torp family ara forward.** -^^^^^^f^S^^^^^^;--?^U^;- ^:-: v ? % . • •• 

Tiaa Fsaiidtai ia Ohaffta of Salaa 



as 

11' 91 

..a 




5 :-^ rvj': : ^'^4^ : ^y ,^'^^ 



Kopia till Hr* Carl ITarg-roa S '^£K&£* ' • ^^^ 1 .j^>^ = U- -■ . ^ .' I; J ! ? 

..I Dir.* 3«jr t, Prof* aatf jlaoara*. • : : V. ; #& • W. 



Overihgv Johansson 



C.A. ffOHCJREtf CO, 



i>eoe*bsr 12, 1951 



Mr. Hans Viborgh 

Tioe President in Charge of Salts 
Sreneka Skifferolje Aktiebolaget 
Drot tninggatan 3, 5rebrb# Sweden 



Dear Hanst w * - • '? a - 

I aa Just. in receipt of your letters of th& jrd^Hr* Savage and Mr. 
Gurthrie hare been no t i f ie d by Mr. • . Titian that th* test will be run 
in the latter part of i^^nxfY%€%^%^\^k lis rik&dy tb leave on short 
notice, and as soon a* you hav* a definite date I am . sure it will be 
taken cai*e of by Hr t Guthrie * 'v ur '-" ' -\ 

Fe appreciate 6f cdttrie^^he ianlf bi&'*probi8ii >2 t 

applying -your system : , to the radically^ diffdi:4nt iKale #hidix we sent 
over. We are all looking forward 1 with" 

of your larger teats*'-' 1 . Vr - 1J ^^^^^i'^''^'' * 

With very best regards and good wishais to you and your faaily for 
a healthy, happy, arid prosperous holiday season p I remaii 



^Sinaei'ely* 



CAHiifflb 



Dear Carl I ... . 

^ •""'*■■ «^ r^fl..;,,.,,..^,,.^,!.,^ ' (fv|t ,, , . 

.. flu:,?*** " ™ir«:t«!*~%U :*»Uti,M 0 H* „ Mia , 




r." 



,. .. _. . ..' ' . " ••- ■ ' — '•••^•-^^•«wwffrBaJB<.»awsa.« 3 .ait a. plana 

thi a ... will,:, of; 0PttXMirMSiriJf!taf*l!*^J2^' O****** •♦frw* *l«i 
aad do-pr.hea.iW .ttt3y: o £ JES**!^^*^*!* 1 m ******** 

x . wSfjr^rja. 1 .^ 

^ror. acajdnb.rg ,* - ; " J^abargfc. 1 

Tic Fr.sld.at ia <jaa? ff of S&lm* 



• Sox 7S< • • ■ v ' ' - ? • ■: • „ ,■ ' i : ' H. • - J • ".' 

Mr* Bo 7 d Ou'thria, Chitf ' '^fer^ 

0il-3halo Demon* t rati on Briinoli^|-J. ' ^^^^^^'^ ' 
tJtS« Dapartnani of the Iatarior7~ '* 

Bu*oau"'of itikiij^ -l ; ■ ■ * * ■ v?7^ * 

Box '792| *i« ^ctisfeola^t \ V-V^ i; .fj-^. ' . 

r , H 1 f 1 • « Colorado « 




■t... -.- _ - ♦ , .,• . ._. . .. -S^4'.' fca»a. 

. . ord»* to aaH:a~i3bnpra1j«Wi^ 
limited statarial' aYailabl'a w« hart judged it naaasaary to eraot a 
epeeial pilot plant for ,..taat a*ua ptLrpaaaa * aaattiag off a battery 
or apart of a. batta^. ^in^one^ -our^^ kkd' : 
runaina; your ahala hora^aigkt loaH^* ^aJ^aT^a^ItiWa'^iaa "-.^ 

. .This pilot plant } Vxo$*&t^&f&1m^tiftrd: ouV ■*tszto*~>w£ng* ' 
of KTarntorp T fuxnaaa, ! il HHrdaVTOlfotftiVtJant» -and. wi:li /probably b 
raady within throe week*. ^noSfilar 1feV ! tee** 'Itftfrifrltelu rite aa*r *o*-t 
triBaiag ia the plant. We >il* «K*b?4v 1 1* «&r*egiaaihs»-tff Dedenber 
with the holidays ahead • »M*:^n#» : --3.fr I^ilafe^ Vi* r***^ 

^•Th.rafor.V :w^au^i?^ ' 
around the aiddle of January if ~tn£a' would ault you or Mr* BaTerlr. 
Within ;tlixae>*elta : >e *i 11 *b'f Jib l^f^tttatl* y^i*-*? Stalled ache- 
dale . of. JHo ;tast ''runs «piiUiui$. :£«attr* tt*J?» ^rlSS «o-r«rrvy«tfr- ; quoation. j 

Ei Hidkataon, ;:Jr , i ,-riaitadntta tJiii'if^t^ *^ 

Ha wa» a vary nioa e-antlaaan and ia aad a Vary lataraatiaff oonvaraa- 
tion while daBOna-tratia* ^Irar'afd^f f '- I Joid aia that wo all hara 
oortainly would appraeiata you riaiiia^i in oonnaotton with tk« 
taat rttai and I would not b. iurprlil»^?»i*otttadtad you whan 
r a turning hoa'a to Btariri ' • >■:"■< ■. ^■^^ir^if^'. : l-.' v '• 

' t .. '.'|B3iiwAil^ yoara, 

Copyt llr t Oarl Horgraa, 



yP-onT ar»' 

Dir*. ffajrot, Prof. Sohjdnbarff, 
Oyaring*. Johansson, • :'»i%s|3 



J 



Ov ring. . Johansson^ ; . ' ... 

rff? v oalamoaaBon. - ITHITSD STATES 

-. .'BSPAEifaSHT OF THS .IBTBRlOR . if?. 
Bureau of Mine a h 

Box 792 • . ^^-JX'^ :" . ; 

V - 11 r gall / '• " ■ 



Mr* Hand Wiborgh 

Srenaka Skifferolje Akilcbdlagat 
Kvarntorp 
Drottnin^ffataa 3 
Orabrot Sweden 




■ - «= » S £ -_ .,i 

Boyd authrle 

1 ? f£?lfoiir)OTTHRisv" chief 

? ^tj* (411^ attain B«Bona trail on Bran oh 



|0 
,J 
t 

tv 



Dear Hanst 

and that our iB(in» should arrive Fa bruary 18. £ have bean 
awaiting receipt of the lettar aentlonedla you* eable out. aiaee 
Jiai I n °J arr ^ d ' 1 tmad batter «*Yi*e Vyou i««*diately * 

that Mr. Beverly 'a arrival tiae at Orabre has ha*:£pcatponed two ?N 

15 rather than February 1* :.,-,, 7 „ s .., . ,// \ •. " ^ 

Ve had been advised by Mr. Horgren thai your research teat runa I 01 

to jritneaa^ Thns^ beeauaa of ihl«;idf ^rrfti^d «iH*-orlISal 
echedale for Jr» 3 a Tarly. 1 J : fiii«»^ ? ^H^iiHS teat can now t a 

in Europe and It la rary diff lenlt st ft fi ak . ■ iddltidnal rearransa- 



of hl.«hedula. Whan yoa ^oiSi^^i^St}^^^ 
adri sad that Hr. Berarly will arr£*i*l a BaXlfcBir*^a-Oals rathaJ 
than Stockholm, 'fia i a aohadnl.d tb^tf i^il!o.lf f^braar^ 11 111 
apend that night at tl»a ' «raai ; 'Hotair^' ; xw'l'Z A * * ad 

Mr r!jr/*°* ipt ?*J°** , **i>& ^oitpoaSJ a Ma iasla, i contacted • {■ 
Mr. John Savage and ha advised mk that ha would ehania hia reeerra- U 

h« ifif 1 ; intBati ° n ^*<» tb •ffllltbar^froA^dpaahaffan: Ho doubt * 

he will keep you Inforaad aa to^hiM-plpoii^^^ " 

With kindest personal regards;'^ " ,> " v ' : ' " 



0( 



r** o. r, v r &v%&ri fciv-isr ?*fea."l*r *hr^^^:h ass* j j 

« $ fe b. # # i? s i # ?i* & J t -ci . its . 



Kr« Carl A* Hor-rrea* » 
222 Santa- Ft fi DriT^; r; " ! " ? * ?r> * HS-rstc?* w«U ta^ yl*** 
D a n v * V > t •^l^i.f^-^ ^ *«w**y if **** 

U«3.A* -.^ ; .v;. JJ!r ^ t;l Sa^****? Tth&fc <£#isi 1* 

„ ; 0 f .will h$ Wfc*d&£*3- Or? 

r a o*t « < '■ V- .• '-. • '-v. 

Dear Carl m^, rai « f » s i s^^j*^^^ 

^ -„n .""^Vro^'for *fo*£*i?Jtg$*tiiU* datid »t«ib^ 27 with 

clippings oorarinff r tha jff.a. ^,^,^^.4 ^wd«ia : *l6nX,Si5kmrTlia 
articles war* Vary inf •*ftsiln« * : ^- *t r ' ^ : •* , F * T * ft 

Salomon..,,, y Bra ,.. lM f,U„. Slll4 ^ 1? 7(A !g"" "*\ a * 



ft few 




2i; *i°? koa ^ k *' a fl « ttr « «*«»i*«ibiy lower: 
thmn that earlier sxiffffett«d«. . ;i , . . : 

2) Siade tha ba.ie prineijl* of 6ur retoriifl* 

dietillatioa gage a and coobugtian gaiai *• vork 
with an entirely different heat balance than 
that applied whan treating the thai e in, for 
example, a gaa eoahuation retort. The dietillatioa 
gaees and other organic aufcitanoea ettrat in thia 
retort we aia to tttiliae for the manufacture of 
light gaaoline, propane , hataae etw* ; ;!i 

3) Due to thia aomewhat different heat balance 
equation we work with together with the low 
oalorifio ralua of the aokm exhihited, the rrara- 
-°J?*f* ne,d to b- "bjeot to a iiriee of 

a difioationa, the w rlc of whioh Willi eabraee 
eoaeid.rable and : tia demanding reaeareh. There- 
rore, we aim to apprbaoh a aoaewhat ai dified alley 
of aorutihiaation; 1 " iwa 

• ••• f - . ■■ «• jM-xivsttivn* ' A" : ' : 



4) tfa will run tha Gre«a Rivar aha! thrdtigh oh 

f our HC-ratorta shut off and auppllad,,with : aapa- 
rats condensation f r the purpoa • This Una of 
pro o» dura will gir ua tha aasa baaie raaulta ;is 
earlier aaauaad with tha Krar^torp .saathodvand trill 
ah rt out tha final raluatlon of IJ*EU* ahala in 
Swadiah retorting ayataaa^^^W^;^^^^^ h.' ■ 

' f " / 5) ; Th« ia at '"arena in tha HO~r*tort will taka pliba 
! ^ tit 1 ! *he "third dr^fcurth waakin Jitmtary ±9$2 if thia 
— ' : tiaa ie^oonVaniait r fof ff yeur obaarrara* ITa will hara 
, anothar staff moating on fiaoaabar 11th whan dttalla 
and axaot dataa of tha taat will ba achadultd* On 
Beeaabar 12th I will dispatch thia aohedula diract 
to you* 1 " ■^/•.v* - 



6) At thia tiaa tha work would hardly btatfit by 
raleaaing any raport of tha laboratory work con- 
cluded, Thia will, all ba aompilad whaa w |^i^fin|al 
taat runa ara oonoludad* 



I a&ould apprlalata it^Y**jjr 'iStt lf> ^ofi^tbtild iftfra^of ^s^r; 
taking up'ibpVa 1 mahtio&M; llhii^f^ actiott with-the^Burtau of ™ $ •* 
/• Minaa fceopla an& : praatoit "ixV 1 ydxtr opinion* A copy of thia lattar 

is aneloaad if you would, prafar^t* tira-lt to. JBoyd, ffuthria • . w - 

A ' ' %1 ** ' L "* * * - ; ? ..>#t£tt.r a.** alas >*W tfJ&'AS'ajr * 1 1 

' Sinaaraly' y ourf * " 

•" r "'; "^'^ -'i? a *ft teisafcas his : Mi'^?iria; } ia£ y®*3? fr>^. 

'f * 4 \ f! " ? " ki^'au^ t£T®<kl *<ikb*rir»»~ 



in 



■ i :.^\ * '<■■■■ 



*« * " > -*v * 

Kopia till Dir ktar Oajr t r .. 

Prof* 3 hjAabarg. 
Ova ring, Johanaaon* 



STr* Carl A« Soryren, ■■*: i t 
34^0 South Elati St*, ' ^ 

i5 n g 1 a w o o A t Colorado* 



' i sir • ?; 

Bear Carl* ^ ? £V'*- : . |j 

Today I rec*lT8d a lattair frb» »oy& O^iteii'' list**' January 
2 5* Sinea I do not know what ha* fb% h*ra *tdiiV»i :' <>d*y one is 
enoloaad for your knowledge* .r ' 



ETarjthinar la bow arrangad for tJi* test ruai to start yabruaiy 
19, Mr,. John 3aT»£* will alio '*£**'•¥■' ^ttiia^ a*- jiaaiionad 
*y Boyd ffathrie in Ma laita*' land' %laV iir^anriiar ? Xittar diraot 
from his* ••■";••* '••••':•'< »^a^^-. Jrt.ssasrsjr tm- ••>■.' 



Juat for the oaa« ot foraality .-»• should lika to- kara your ,« 
rarifieation that Mr* S&7i«e aota as your obeorrar and that ha la ^ 
your traatsa and will net alvnsa hia adiaiofcai your man. In fact, & 
wa hara aarliar talkad about Mar* Sara** :***v*o for»a,i authorlsa- 
tlon has bean ait and ad »y you or jour jrou? t la la naturally rery 
welcome but we like to hara all things atraignt when atartina; tha 

' ■ With kindest personal r.ffardaft .g^j^ ^ \ ^1 ^ " :'. . ; • Sj 



f«1 



^Tittf-fr»aiAiittt in Charge 



f 



Kopia till Dir. G jr t, 

Prof; SchJAnbar*, 
QrBTintj. JohaiMuBLflAju 
Ing* Salomons aon« 



\ I ■ . . ■ 

ig 



■ *lcw*r*ly $;?#z-& 9 . 

/, * Swad a> . 
' jaauary/ 19* 1952* ■ 

Mr. Carl A* Vorfraa, ¥1?* £"r* *iiS ■&*»■». t« ^hny^ "-.-=> 

3400 South Blati 3t., .' % ... 

Eagle wood . Colorado* : ' ".' 

U.S.A.. ' ■■ 



Daar Carl J 



5 S>tl 



la my letter of January 14 I »#tf«p:t«r lT*r Guthrie 1 fo- 

under his addraaa la Rifle about Mr. Robert Bw*erly appoiated P 
to witneaa our taat runs vita th« 0r«in Riw«:r a bale. Kr. Guthrie 
told aa that Mr. Bererly would arriTa t. t© as around February 1st. 

Thia aoraing we had a ataff meeting «eia»f through the' teats 
peadiaff and the prellaiaary tiae aeaedala piajoint»4 far ta* 
project. Due to several raaaoaa, aadag the* ft nasty ■ aadw atora 
darlaff the last weak, the reconstruction of the HO-retort a«t 
aalda for the parpoaa haa been abaewaat delay*** 5he retort will 
^^J®^ 1 *** 47 for P r9lia laary ruaa around February lit sad Frofeaadr 
SehjAnoer* and Mr. Johaaaaon need a weak or ad to tria the retort 
and aeoaaaory laatallatloaa firat wita Swedish aaale aad afterwards 
with a aaall quaatity of Green Hiwi* ahala. 

Therefore, we should bo indebted to yon if Mr. Bewerly would 
adjourn hi a wioit to February 18 wae a awery thia* will be ready 
for him. Of course, we regret thia delay oat art anxious to have 
erery thing- Battled whaa ha arrives awdi din* aa^ uaaec««eary un- 
productive daya durlag- hia Tiait. \ 

Ia order to iaoediately aaaoaaaa tali propoaitioa I dispatched 
today followia* oable both to you and 1 Br. Oatariej ' * 4 

"SEHICOHMSRCIAL TSS? EBBS 0<miiaXiilO FOE 
GENERAL ANALYSIS OTS RB3BAHCH ABOBT F35BBTJABY 

yntsT airoossT yotjb. specialist i& witssss 

FI1TAL RTJH3 ARRIYB HSR3 FBBRlf ART 118HTSSBTH 
LBTTKB, FOLLOWS ORlxr 11*08 WIBQBOS ; 

ST83i:iAB»'."r 

A copy of thia latter ia for the sake of ooawenienoe also 
aeat by air mail to &ifle. 

tindly iaf ora ua about your dpiaioa ragardiag the aew data 
of teat ooaaenoeoent. Of course, we ean aa elerat thiags a few 



days If needed but both our reaearek and production departm nt 
hare presently so many other program* t cbticlad* that I personally 
hare refrained from rushing thea tadjntttth* 



Sin6« re ly t yours , 

B.C. flfcorgk • 
■ ," Vis*. President in Charg*. of Sales 



•" : V; iter. 3-3' ? r;r ? v-* 

■ ■"• * iJ^T t % *.? ■ - j i 3 ->r; * ? ? 



|no: 

: in( 
ft* 1 

M9S0 



■ 



Xopia till Boyd ft»Kkix±Kpclx Quthri« f 
EirektSr Gejrot, 
Professor Schj&nber^, 
9Teringeni8r Johanaaoiu 



fraOTW g9 » Ifrsg/ 



Mr* Boyd &it tfcrlt* Chiaf " : -- :tr j ' f 

Oil-Shala Daaonatratioa Braaafc* V' 
TTnitad Stataa Papartaaat of tia Interior 
Bureau of STinaa, 1 



Box 79?# 
* 1 f 



8 i M ^ Colorado* 



• *! t ■ ■' 1 ? .■ ■ j ,r";:'i; ;i> ■ 
" '■ '■ ' ' • * * 



Boar Joydt 

Today I racai^ad wit* thanks y**r tat*§^ o^Jaartary ' 23 aa* 
hara alraady fi lad your oariiir lotto* daiod jaaaary 17 raiardin* 
Mr. Baworly'a Sir.diah. iUaarary* ,! ;F*lloaia# 1* aot.d. S 

_ 1) *5* 'will taffit«"i3i' : E*iii 0 '*#if' m ilia kftaraoea 

friday htna>7 13, Slaw* :'tti^tfft' scrotal *ral* ooaaOOtioao 
notwooa Oslo and Hall«B«rg kiatly ask ls>. **ro*iy to aoa* «• a 
eabla froa Oslo ataxia* aliloa^iraiJt *c a^*»;a 

4.* I T * f oha wiii **»•• arri** 'i*^**.*** ait th« »aao 

!kra???i? J** *™ W««M» oaoli fro. Mm 

Harding' his train aohadula* ■ :. : * 



♦—'.J* T *** W * foatloao* la Saiiabors; aad aavo oookod 

two «in«l. room, at "Stor* Hotollof i* ■*t *^£ Z*™ll 
also so. to It tnat th, r tin itiiitiiiii Sw.d»! 

To-aorrow January JO wo will '•t«*i-«lUkTg±»* tO*ratort 
praparad for tha f at raas with Swodl.k aaal* f&l«**a* «» 

adri.od. ihrorjtMae will %* roady f»* *«a» t* d« witnaaa.d 

da/ «ay oa .pant for a gonaial iaa>ao*ioa *f oar aatirlUrfa. la 

1193 caa «*«ad hia othar oeaaitmaati iM I ,\ ■ .. ^ 

com ot« irwiilf. Howorar, a* it ia iikitU IUit pandlS t!.t 
tioaa and than I fcoja wa Aaat 1* jaraon a^tin # 

With kindest pwrnonal rtgardi. 

ipia till Bir* O«jrot > # ; — <• . 

Prof * SchJ&nb r« f Slna raly your» t 

Iriff • Salom"1aaaon#- 

Copy tot Mr. Carl A* JTor^an. " T± * **" 14 ttt lil Char «* ^ f 3al « 



Betraffande report on the testing of Colorado Oil Shale in the. HG-retort a* Kvarn- 
torp, Sweden, daterad den 17/5 1952. 



Delgives: . Direktor ffiborgji 

Professor Schjinberg 
Eventuellt S vena ka Maskinverken 

Kuvudprincipen vid samtliga pyrolysprocesaer i Kvarntorp Sr, att varmen tillf ores 
skiff em indirekt via en retortv&gg och icke 8i t aom * 4« fiesta andis. fall tillampaa, 

* genom en direkt herSring mellan skiff ern och ett varmeavgivande medium, eocempelvis 
f orbr&nningagaae^ Den pyrolyaproceaa , aom utarbetata h&r, den s#k« Kvurnt o rpsmet o- 
d n, grundar aig pi att kolet i den efter pyrolyaen kvaratiende skiff erkokaen £8r- 

* br£nnea« Den varme, aom harvid uppatir, tillvaratagea dels i form av inga, aom ge- 
ne rera a i ett vattengenotadrivet tubayatem tt La Mont% inbyggt direkt i harden, och 
d la i form av heta f orbranningagaeer, aom pi sin vag till akoratenen fir omspola 
retortrar, fyllda med akiffer, aom pi si 8&tt upphettaa till pyrolystemperatur* Den 
avenaka ski±f era ger efter pyrolya en koka med ett bundet v&rmeinnehill av ca 1000 
kcal pr kg. 

Di Colorado-akiff er, avaedd for prov i Kvarntorp, anlande hit, utfordea forst en 
noggrann laboratorieunderaokning av aki££ern» Man kunde darvid konatatera, vilket 
ockai framg&r av den rapport, aom nu ligger fardig, att den koka, aom iterstir efter 
,0 Py^'°lya a ^ Colorado-akiff er, har ett varmevarde pi endaat ca 100 kcal pr kg, och det 
atod f rin borjan klart, att Kvarn^o Srpgpr^ cessen i of or&ndrat akick icke kunde komma 
till anv&ndning f5r denna typ av immaterial* 

For att emellertid kunna fa a tat alia, hur denna akiffer forhiller aig vid indirekt 
upphettning, bealota, att akiff ern. akulle underkastaa prov i en annan typ av retort-, 
rar, den 8.k. Rockeaholmaretortern, aom §ven kommit till tillSmpning i full induatri- 
ell skala i Kvarntorp. Skiff ern tillf 3rea Sven hSr en retort, aom upphettaa utifrdn 
pi ai afitt, att icke kondenserbaia pyrolyagBLaer eller vanlig generatorgaa fi fBrbrSn- 
naa i nederandan av retortern och f orbranningsg^aerna aedan cirkulera runt retortem, 



den / 19 

Fran P. . [ _ 



innan de foraa till skoratenen. Den bif ogade rapporten behandlar noggrannt resul- 
ta-fcen av de prov, 30m sa utfordea. 



Den vasentliga slutsata, 30m man kan drags av da sa erhallm forsoksresultaten, ar 
att man far en halt annan och gynnsaironare oljekvalitet an Tad 30m ar mojligt att 
erhalla vid deh f orut onmamnda direkta upphettningen enllgt exempelvia Union Oil 
Company's pyrolysmetod. Vid vara forabTc erhSllo vi i viaaa fall anda till 24 volym- 
procent benain. Da uppgif ter, hamtade fran forsok vid direkt upphettning, viaa en 
bensinhalt av 1 - 2 volymprocent, skulle man vara benagen att tro, att vid aiatnamn- 
da forfarande benainen foratorea vid processen och att det foljaktligen borde vara 
mo^ligt att totalt erhalla ett betydligt battre utbyte av raolja vid av oss tillam- 
pade forfaranden an t.ex. vid Union Oil Co: 3 metod. Givetvia kan polymerisation in- 
trada, vilket skulle betyda, att latta kolvaten, som vid var procesa ger benain, 
vid direkt upphettning upptrader i form av tyngre kolvaten, som ioka langre tillho- 
ra benainfraktionen. ' 



Det ar mycket viktigt, att vi nu genom fSraoken ha faatatallt, att den indirekta 
upphettningen ger kvalitativa fordelar av mycket stor raokvidd. Om man alltaa kan 
bibehalla den indirekta upphettningen men anda na fram till den process, aom ur var- 
mebalanasynpunkt och i ovrigt i ekonomiakt avseende ger minat aamma reaultat, aom er- 
hallea vid den direkta upphettningametoden, har man kommit fram till ett forfarande, 
aom bbr vara att fbredraga framfor andra metoder. De aral&nga reaultat, som nu fore- 
ligga betraffande Kvarntorpsmetoden, visa beatamt, att detta fSrfarande torde vara 
det ur ekonomiak aynpunkt basta pyrolyaforfarande enligt den indirekta principen, 
aom for narvarande f oreligger. Om man alltaa kan bibehalla huvudprineipen vid Kvarn- 
torpsmetoden Even f 8r Colorado-akiff em, trots detta rlmateriflla laga varmevarde pi 
kokaan, kunde man ha natt fram till nigot, som val skulle kunna havda aig. Yid Kvarn- 
torpsprocessen med var avenaka skiff er som ramaterial ha vi for narvarande ett utby- 
te av nyttiga kalorier, anvandbara helt utanf or ugnen ajalv, i forhallande till med 
akiffern totalt tillforda kalorier av anda till 69 %. Om Colorado- akif fern nailer 



Utbytet av olja vid de har genomf orda f orsoken har varit 53 - 88 %. Da det icke ar 
mojligt att under en f orabTcsperiod pi nagra dagar fa aamtliga pa driften inverkande 
forhallanden aa inreglerade, att basta mojliga reaultat erhillea, fSrvanar detta va- f 
rierande reaultat icke. Ingen anledning finnes emellertid att antaga* att man vid | 
praktiak langtidadrift akulle erhalla aSmre reaultat i f raga om utbytet an vad vi , f 

genomanittligt ha natt fram till har i Kvamtorp for var avenska akiffer, d.v.a. en 
utbyteaaiffra pa genomanittligt ca 90 
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1305 kcal pr kg och oljeutbjrtet enlist Fisher-provet Sr 9,7 s& erh&lles ett ol- 
jeutbyte av 85 % ar Fisher- provets varde. Den kalorimangd, som erh&lles i form av 
olja ar 820 cal pr kg skiff er, vilket utgor 63 % ar totalt med skiff em tillford 
varme. Detta betyder, att om den icke kondenserbara gasen och koksen utnyttjas for 
att ge den i harden och utanf or harden i Kvarntorps-ugnen erf orderliga vannen, s& 
skulle processen bli ajSLlvbaiande. Det ar sv&rt att forsti, att man med n3got an- 
nat forfarande, med direkt eller indirekt upphettning, akulle erh&lla en battre 
▼erlmingsgrad, Samtidigt skulle man ernd de krolitativa fordelar t som den indirek- 
ta upphettiiingen ger. 



Orebro den + juli 1952 • 




Branch 



OCKBKU 



INTERNT TILIAGS TILL FM BETRAFffAHDE C0L0RM3Q-RAPPQRIEN 



De synpunkter, jag frsrafort i bifogade PM, baaera sig p& de erf arenheter , som 
gjorts med skiff ern fr&n Belgiaka Kongo. VarmevSrdet i kokaen fr&n denna skif- 
fer ar till storleksordningen ungefglr detsamraa som i Colo rado-akif fern, och det 
visade sig d4, att vid s& liten tillblandning aom 12^ % ar Kvaxntorpsskiff er 
till Kongo skiff er, erhSll man sddana fyrar i harden i Kvarntorpsugnen, s& att 
pyrolysen i huvudsak kunde fullfSjas. Detta leder till den tankeg&ng, som for 
<5vrigt professor Mertens och ingenjor Passman f orf&ktade, och som vi ocks& 
accepterade vid diskussionen med dem hSr i sammanhang med f orsSken med Kongo- 
skiff em, att v&rfc provblock borde ombyggaa s& att den icke kondenserbara gasen 
kunde f orbrannas i harden vid ugnen* En ytterligare f Srbattring skull e kuima er- 
z&a f om retort rama f orlangdes. Detta ar nu mojligt att &stadkomma, d& vi ha pl&t- 
retortrar. Ti lovade att forsoka genbmf bra. detta till slutet av oktober och dS 
fortsatta med proven p& Kongo-skiff era* lyckas detta prov, 3r ju det heist upplagt 
for ytterligare f orafik p& samma linjer med Colorado-skiff em* Rinaterial f innes 
har i tillracklig mangd* Det primaia.Sr nu att konstruera fraa en lamplig branna- 
re f 5r pyrolysgp.sen, och f orbranningen bor ske s& att f orbrzinningsgaserna direkt 
hjalpa till att upphetta koksen-aslsan i harden, s& att man f&r ungefar motsvaran- 
de f orh&llanden som nu r&da i Kvarntorpsugnarna med v&r ekiff er* Jag gor samti- 
digt uppmarksam pi den adress, som lfimnats pi. "The 49th Semi-Annual Meeting of 
the National Petroleum Association, Cleveland, Ohio, April 17, 1952% vilken se- 
paiat bifagas* Granakar man de ko at nad a aammana ta5 1 ningar, som gjorta for anl§gg- 
ning och drift med Union Oil GO:s metod, forefaller det itminstone vid en ytlig 
bedomning, som om vi skull e kuima ern& minst lika gynnsarama reaultat med Kvarn- 
t orpsf Srf arandet • 

Qrebro den 4 juli 1952 • 

0 
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SUITED STATES 
D2PA?,TMEMT OF THS. INTERIOR : 

Kifle April 4t 1952 

Air Kail 

Sr. Hans Wiborgh 

Svenska Skiff erolje Aktiebelaget 
Kvarntarp 
Drottnln ggatan 3 
Orebro, Sweden 



Pear flans » 

Xoday, I reooiTQd your post card from Raw York City and was 
very interested to know that you were in this country* I was dis- 
appointed that you ware unable to pay ua a visit ixi Rifle, but I 
will be looking forward to your early return to the States* 

Mr. Beverly has told me the interesting details of the tests 
conducted at Kvarntorp on the Colorado oil shale* Be haa also told 
me of the wonderful hospitality shown hint while in Sweden. I want 
to thank you ana -Br • Qejrot in particular for your many courtesies 
and ths gratifying cooperation given Mr* Beverly during hie visit* 
As only those of ua know, who have had the privilege to visit Sweden* 
your hospitality is always one of the highlights of such a. visit* 

Please extend our thanks to Arvid Johansson. Dr. Salomons eon , 
and ike Brandberg for their personal assistance with the prepara- 
tions and the conducting of the tests* I was sorry to hear that 
Professor Schjanbergr was not feeling well at the time* Please ex- 
tend to him my beat regards and I hope he la now in good health. 

Also, please thank Dri fla»J9Ar, Mr* Hadb&cte* John Fettersson, 
Erio Petteraeon and Ake Astgren for their tiiae and assistance in 
showing Mr* Beverly your many operations a* Kvaratorp* It h&a been 
interesting to learn of your improvements and expansion* which have 
taken place since my visit* 

It is my hope that in the not-too-distant future I may have 
the opportunity to return to Europe and spend a time in Sweden* 

tthen you or any other employees at Kvarntorp have an occasion 
to be in the United States, please accept our standing invitation 
to come to Rifle and give us an opportunity to repay & email part 
of your hospitality. We enjoyed Arvid Johansson's visit and hope 
he had a pleasant journey hime* 

Tours very truly # 

Boyd Suthrie 

BQTB GUT flKIEt Chief 

Oil-Shale Demonstration Branch 



Qverlng • J ohansson f 
Ing» Saloon onason. 



5AYAGB OIL 5 HA LB DBT.ELOP.BfS NT COMPAKI 

P.O. Box 112 
Da Beque. Colorado 

John 3avag-s 

April 9t 1952 



Ut. Hans tfiborg-h ; 
Srenaka Skifferolje Aktiebolaget j 
TJrot tninggatan 3t Orebro | 
<a Sweden 

I 

! 

i 

Dear Haas : J 

I want to thank you very much for the fine time you showed me 
In Sweden* Your many thoughtful aourteaiea and your constant attention 
not only added to the value of the visit* but also made it an extremely 
pleasant time* i 

The first report la finished and distributed* I presume that 
the "group" will send you a copy* It does not, however* contain any- 
thing that you do not know* In comparing distillation curves of shale 
oils produoed by various retorts the HO is far ahead of others* x t 
nu at be remembered* however* that we must compete with petroleum as 
wall as rival oil shale processes* Also ire must compete in dollars 
^ and not solely in "quality of oil H * Carl RoTgren and John Vivian are 

highly enthuaiastio and I have to caution thorn that much needs to be 
done before the capital can be acquired for a plant* 

Thank you a^ain for the wonderful hospitality in Orebro and 
£ please &ive my warmest regards to your wife and family* 

Sincerely yours. 

John 



John ft* Savage 



(Svering* Johansson, 

Ing. Salononsaoag FfTITED STATES 

DEPARTMENT OF THE INTERIOR 
Bureau of Mines 

Box 792 
Rifle , Colorado 

January 23 » 1952 

Air Mall 

Mr. Hans Wiborgh 

Svenska Skifferolje Aktiebolaget 

Kvarntorp - 

Dro t tninggatan 5 

Orebro, Sweden 



Dear Hans: 

This irill acknowledge receipt of your cable of January 19 
advising that the starting of the final run has been postponed 
and that our engineer should arrive February 18# I hare been 
awaiting receipt of the letter mentioned in your cable but since 
it has not arrived, I thought I had better advise you immediately 
that ttr, Beverly's arrival time at Orebro has been postponed two 
weeks* He will now arrive in Hallsberg on the afternoon of February 
15 rather than February 1« 

We had been advised by Mr. Norgren that your research test runs 
were scheduled to start January 21 and that any time after February 
1 you would be in a position to conduct the test for our observer 
to witness. Thus, because of this advice we arranged the original 
schedule for Mr. Beverly. I sincerely hope that the test can now 
be started February 13 as Mr. Beverly has several other commitments 
in Europe and it is very difficult to make any additional rearrange- 
ments of hissshedule. When you receive my letter of January 17, be 
advised that Mr. Beverly will arrive in Hallsberg via Oslo rather 
than Stockholm, He is scheduled to arrive in Oslo February 1% and 
spend that night at the Grand Hotel* 

TJpon receipt of your cable postponing the tests, I contacted 
P5r« John Savage and he advised me that he would change his reserva- 
tions so that he would arrive in Hallsberg on February 15* I beli ve 
it is his intention to come to Hallsberg from Copenhagen, No doubt 
he will keep you informed as to his plans. 

With kindest personal regards, 

Tours truly, 



Boyd Guthrie 

BOTH GUTHRIE, Chief 

Oil-Shale Demonstration Branch 



9 Sweden, 



January 29* 1952 ♦ 

Mr* Carl A* fl 0 rgrGn t 
3400 South Blati St. , 
Englewood* Colorado* 

*J*S.A* 



Dear Carl* 

Today I received a letter from Boyd Guthrie dated January 
23. Since I do not know whether you hare received a copy one la 
enclosed for your knowledge* 

Sverything la now arranged for the teat runs to start February 
18* Mr* John Savage will also witness the test runs aa mentioned 
by Boyd Guthrie in hia letter and also in an earlier latter dir ct 
from hijn* ■ 

Just for the case of formality we should like to have your 
verification that Mr* Savage aots as your observer and that he ia 
your trustee and will not anisuse hie mission aa your man* In fact, 
we have earlier talked about Mr* Savage but no formal authorisa- 
tion has been extended by you or your group * He is naturally very 
welcoma but we like to have all things straight when starting the 
tests* 

With kindest personal regards. 

Sincerely yours * 



M.C. ffiborgh 

Tice President in Charge 
of Sales 



KTopia till Dir* Gejrot. 

Prof. Schjanb rg f 
ft ve ring • Johansson y 
Ing* Salomons son* 



f 3weden* 

January 29 f 1952* 



Mr, Boyd Guthrie, Chief 

Oil-Shale Pecona tratlon Branch, 

United States Department of the Interior 

Bureau of Sines* 

Box ?92. 

* i f 1 e» Colorado* 



Dear Boyd t 

Today I received with thanks your letted of January 2 3 and 
have already filed your earlier letter dated January 17 re&arding 
$Tr* Beverly's Swedish itinerary* Fallowing la noted* 

1) Mr* Beverly will arrive in Hsllsbarg on the afternoon 
Friday February 15* Since there ara several train connections 
between Oslo and Hallsberg kindly ask Mr* Heverly to aand us a 
cable from Oalo stating which train ha arrives on* 

2) Sr* John Savage will alao arrive in Balleberg on tha same 
data a3 Mr* Beverly* probably from Copenhagen, Kindly alao advise 
Sr# S&vag-a that we would appreciate to obtain a cable from hija re- 
garding his train schedule* 

3) Tfe will meet tha two gentleman in gfallsberg and have booked 
& two aijiglft rooiaa at **Stora Hotellet" in Orebro* Of course, wa will 

alao Bfle to it that they will have a nice viait in Sweden* 

To-fflorrow January 30 wa will start charging tha H£-retort 
prepared for tha teat runs with Swedish shale following: up this 
^ operation in next week by char^in^ Green Hirer ahale as formerly 

advised* Everything will be ready for tha teat runs to be witnessed 
when your observers arrive* Since February 16 is a Saturday this 
day may be spent for a general inspection of our activities* I n 
consequence we rest assured that Mr* Beverly without any difficul- 
ties can attend his other connaitaeata in Surope* 

All here are naturally sorry that you could not arrange to 
come over youraelf* rlowevsr* as it is intended these pending test 
runs will probably h«» followed by several discussions and negotia- 
tions and then T ht?pe ire aeet in person again* 

Kith kindest pornonal rmgtkT^LBf 

Ionia till Dlr* Gejrot. 

Prof* Schjinber*, Sincerely yours* 

Overlng* Johansson 

Ing> Salomonsson # 

H.C* Wibor$h 

'Vice President in Charts of Sales 

Copy to i Kr* Carl A* florgren* 



UNITED STATES 



DEPARTMENT OF THE INTERIOR 

Bureau of Mines 

Box 792 
Rifle, Colorado 

July 24, 1951 
Air Mail 

Mr. H.C. Wiborgh 

Svenska Skifferolje Aktiebolaget 

Kvarntorp 

Drat "tninggatan 3 

Oretro, Sweden 



Dear Hans: 

I was very pleased to note by your letter of July 18 that you 
received the copy of Si Klosky and my report on Oil Shale Industries 
of Europe. It was a rather difficult report to prepare as we did not 
stay long enough in any one place to get sufficiently acquainted with 
the details of operations as to do justice to the industry, "but I am 
glad that you appreciated our remarks regarding Swedish operati ons • 

Mr- Carl Norgren has communicated with me several times since his 
return from Europe but unfortunately I have not yet had an opportunity 
. to visit with him* He did advise that Johannsen was devising a very 
comprehensive program for the testing of the oil shale which, we 
shipped© 

Mr. Norgren has advised that you will probably conduct the tests 
near October 1. Running the tests any time this Pall will be quite 
satisfactory as far as we are concerned in having an observer witness 
the runs- I had hoped that I personally could come to Sweden but it 
looks as though it will be impossible as at the present time we are 
designing a large-scale Gas-Combus t ion retort with a bed area of 60 
square feet and anticipated capacity of 300 tons per day. Fe hope to 
have the retort under construction during the Fall months and this, 
plus other commitments, will preclude my making any trip to Sweden. 

We are arranging, however, for Robert Beverly, a chemical engineer 
who has been working on our project for three years, to witness the 
tests. He has been working on our pilot plant and large-scale retorts 
and is well informed in oil shale technology as far as we have develope 
it on our project* It is our plan to have him go to Sweden by air and 
since reservations are at times difficult to obtain, I would appreciate 
it very much if you could give me as much advance information as possib 
le as to the time you anticipate making the tests so that necessary 
arrangements can be made to expedite Beverly's trip* 

He is an exceptionally fine young chap and I know you will like 
him very well. If there is any information he can give you regarding 
our operations please feel free to discuss matters with him. 



I am attaching herewith a report on the mining, crushing, and 
sampling of the shale which was shipped to you. This report is for 
jour general information and any further details that you feel you 
would find of assistance, in planning your operations, let us know 
and they will "be forwarded to you. ffe .made every endeavor to ship 
a representative sample of Mahogany ledge material as it occurs at 
our place of mining. The average oil content of this shale is 26«7. 
gallons per ton. As you know* our deposit is quite stratified and we 
took every precaution we could to thoroughly "blend the shale at 26*7 
so no difficulty would he experienced in its retorting due to varia- 
tion of the different beds which compose the 70 f strata* 

Yours very truly, 

Boyd Guthrie 
BOYD GUTHRIE 
Chief 

Oil-Shale Demonstration Branch 



Copy to: O.k. Norgren 





To -4 10 





34. w crzn? r. 



TTTV 




O n ^ a n 




^^L^ Jll Cl^wJLJ). 






-VC^_ (Hi a. vCUa 



i-X-^ ^XJ- ■ cv^L. *p~jL l^'.tr 



LJJJJ. . 

1CT0< cr?rD /tL* . 




£1 ....... . — .n j^.^ ^ 









if 



-2 Z^Z^Cc 




✓ 







it 




i 



Studier aT olje.skiffrar i Rifle, Colorado , 



Ialedningi 

Vid avresan fran Los Angeles osterut b'ye r ens koms med direktor Linden om 
ett besok vid "Bureau of Mines'e-periraentanlaggning i Rifle, Colorado* 
Fran borjan arsag direktor Linden att folja .med dit, men han fick fbrhin- 
der och skrev istallet ett introduktionsbrer at mig till chefen for anlagg- 
ningen, Mr. Boyd Guthrie. Tyrarr foil det sig sa att denne Tar bortrest vid 
tiden Tor mitt besok, men hans assistenter togo val emot mig och gav mig till- 
falle att se allt jag bnskade och gaT mig miaiga vardefulla upplysningar * 

I; Diskussioner och studier rid besbket. 

Besbket agde rum torsdagen och fredagen den IS - 16 april, 1948* 
Anlaggningen ligger pa en bergs slut tiling cirka en srensk mil raster om den 
lilla ste.den Rifle, 

Jag togs emot av Mr. Mull, som ar tfr« Guthries assi stent och tillika 
chef for laboratoriet. Han introducerade wig for Mr. Siprelle,tydligen meto- \, 
dikingenibr for gruvdriften, och aren Tor Mr* Carl Belser, gruTingenibr* jh 

Mr, Mull risade mig omkring pa anlSggningea, som verkade myoket Valskbtt* 
Jag fick obehindrat fotografera rad jag Ville och har tagit en hel mangd fo- 
tos i farg, sora i nagon man ger en fbrestallning om anlaggningena detaljer, 
men framforallt ger en bild ar skifferlagrens lage och maktighet* 

uet nya raf finaderiet ar men i full gang med att montera, men det tor- 
de annu drbja nagra mAnader innan det kan sattas i drift. 

Sfter en slingrands bilfard upp for bergs sluttning en fran retortanlagg- 
ningen pi 1750 m. hbjd b^er havet till gruvan, soul ligger pa 2500 m* hbjd, 
7 miles rag fran aniaggningen, sammantraf fade jag med Mr, Belser, som visade 
mig gruYanlaggningen i detalj och gav mig diverse uppgifter om ski f ferns 
. lagring och egenskaper. Han hjalpte mig aven valrilligt med de provstrcken 
ax skiff em, som jag sande hem bill Srerige. 

Plfter den andra dagens besok fick jag tillfalle att flrga over omradet 
med ett sportplan aT typ Cessna, som en farmare i Rifle rar vanlig nog att 
taga mig upp i pa en 4>5 minuter3 flygning for enbart bensinpriaet. Jag tog 
darvid atskilliga fargbilder och aven en 8 mm smalfilriji farg, som koramer 
att orerlamnas till Skifferclje A„B» 

II: Synpunkter pa skifferlagrens lage och omfattning* 

Betraffande diverse data for saral aniaggningen som ski f fern, hanvisp.s till 
tre tidigare oversanda artiklar, enligt fbljandex 

1) "Oil Shale Resources of Colorado, Utah and Ytyoming 1 ' , by Carl Belser. 

2) "Oil Shale rrocessing 

3) 'Oil Shale Mining by* Tell felrtl* 

Dessa benamnas' nedan ref* (l) , etc, eller bilaga 1 etc. 



JDet relativt lilla omrade, dar Colorado, Utah och Wyoming gransa till 
vsrandrs och diir oljsskif fraxna ligga relatirt koncsntrerade, omf attar 5a 
my eke t sorii ung^far 30 % ar all oljeskiffer i USA. Skifframa aro rika jam- 
fort med den srenska skiff em och beraknas ixmehalla oirka 300 miljarder 

9 3 . 

barrels olja (ung. 50 x 10 m } , varav 90 % finnes enbart i Colorado ski f- 
fem, (Enligt ref # 1)* i»essa siffror aro emellertid osakra. 

Ue bergmassir som Green Rirer§ formationen outfattar utgora en irapone- 
rande anblick och aro onekligen srartillgaugliga i all sin rildhet och brant- 
het. okiffer lagren skjuta si gott som orerallt ut 1 dagen i de ovre delama 
ar de branta och raangf aldigt forgrenade bergskaiamama och det rikaste cirka 
150 meter djupa skif f erlagret , som ar plant skiktat inom stora outraden, lutar 
nagot ra.er an 1° nedat i riktning mot nord-nordost* 

Inom stora omraden rid sidan om Parachute Greek (inrid rilken fcraoks- 
anlaggningen ligger), finnas skifferlager med en maktighet om upp till 400 m. , 
dock skiktade i fleraalager med mellanliggande lager ar andra bergarter* 

Vertikalsektioner i ref»(l) ge en god hild ar skif ferns skiktning och visar 
'aren det oregelbundna tacke ar fin gra och brun sandsten, den s*k. Evacuation 
Crsek- , som rarierar ganska kraftigt i tjocklei frin eta 200 meter till 0 nu 
Tid oniradet narmast forsoksanlaggningen. Man ser att det finnes rissa partier, 
dar detta tacke ar genombrutet elier ganska tunt, men storre delen ar arealen 
ar tackt av ett ganska tjockt sandstenstacke* 

Smflllerbid finnas i de ganska ritt forgrenade floddalgangama, t. ex* 
i East Middle Fork, Parachute Greek' 4 , ganska stora areor, dar skif ferns 
ovre skikt ligga helt i dagen och dar de rikaste lagren ligga pa mattligt 
djup, 3e bifogade tre kartor over omraden raster om Rifle, bilagorna 4 - 6, 
(Dessa ha endast bilagts ex. 1-3 ar rapport en). Gruran ligger alldeles under 
kronet av de rertikalt stu^-ande skifferlager, som koaaa ut i dagen och "ar 
tamligeii svarbillganglig. Man har brggt en rag, sonr i skarprinkliga zlck- 
zack-linjer leder upp till gruran och ar 7 miles lang. Det *ar iaycket besvar- 
ligt att ta sig upp pS. de oranfbr gruran belagna bergformationerna* 

an faltdrift d'aruppe enligt Ljungstroasmetoden skulle inueb'ara ganska 
stora svarigheter. 

lilt Skifferlagrens oljehalt. 

Derma anges i USA i gallons per ton, d.r*s* i enheter om 3,785 liter 
per 2000 pounds. Vid medelvardet a specifika rikten ^ a 2,40 (som galler rid 
15 gal/ton), motsrarar Target i gal/ton exakt oljehalten i rolynisprocent . 

iSnligt ref. (l) (bilaga 1), har man i narheten ar gruran 
eta 90 m. tjocka lager med drer 15 rolyras-^ olja och 
c*a 20 m. tjocka lager med drer 30 rolrms-fo olja. 

Medelvardet ar tva provhal ger 110 nu tjockt lager med i ^sdeltal 
13,7 raLyns-jS olja, varar de rikaste lagren med i medeltal 30 volym3-;'o olja 



aro 25 ru tjocka (imrid den s .k. "Mahogany marker"). Dessa aro som ovan nainnts 
belagna ganska- .tiara raarkytan i rissa dalgangar. Lokalt i tunna lager lean 
oljehalten uppna det fantasti ska' rardet 60 Tolyms-fo (b'Ter 80 gal/ton rid 
spec, Tikten 1, 6 ) 

IYi Skiff ems egenskaper, fysikaliska data, 

Egenskaperna hos den ur Coloradoskif fern med hittilis anranda metoder 
utvunna oljan behandlas icke har. ue kunna studeras i bilaga 8-9, soia er- 
hallits fran Mr* Mull,eller i Bureau of Mines 'Bulletin 415 :■' Studies of Certain 
Properties of Oil Shale and Shale Oil- ar Boyd Guthrie. (Bil. 8-9 har endast 
bifogats ex. 1 ar denna rapport.) 

Sjalva skiff em studerade jag ganska ingaende i och utanfor gruren 
och tog en inangd fargfotos ar den, 

Fargen ar ganska likartad Kirarntorpskif ferns, men rarierar ganska kraf- 
tigt och ar soih regel ljusare, speciellt dar den ar i dagen. 

Man fiok ett best start intryck ar att denna Coloradoskif fer ar fastare, 
tat are och uindre sprickigt skiktad an Kxarnto rps ski f fern. SiLlunda forefollo 
de fiesta lossprangda stycken, som jag sag, att rara inera spaltads Tinkelratt 
mot skiktriktningen an parallellt med denna, Uet Tar faktiskt svart att valja 
ut det proTstycke, som jag skiokat hea och som har ,sina storsta dimenaioner 
i skiktningens plan. 

Tatheten risar sig aren dari, att man har mycket litet grundvatten i 
Gruvan. 

Viagra inneslutningar liknande orstenen i Kvarntorp tyckas inte finnas, 
Bry tiling en syues dock ga relatirt 1'att och man raknar med att kunna fa ned 
brytningskostnaden till 50 cents per ton rid. stordrift, 
Fysikaliska data* (och kemiska) 

foljande data for akiffern erhollos Tid besokett 
Skiff ems aaiamanaattning. enligt Fischeranalys * (rid oljehalt 25-30 gal/ton) 

01 ja: 26,7 gal/ton, 10,4 *ikts-?S 
Vattem 3,3 1 1,4 

Hestsrande skiffer 85,7 
Gas + forlust'er 2,5 



Suiaraa 100,o 

Ileiaisk sammansattning ar rl skiffer (oljehalt enligt oTan) 

Amne nr« Forael Frocenttal 

11 iP 2°5 °* 35 ' • 

12 7 0 0,oo3 



Aane nr. 


Formel 


Frocenttal 


1 


SiO 


26.4 


2 




2,6 


o 


A1 2°3 


6,6 


4 


CaO 


17,1 


, 5 


MgO 


5,4 


6 




0,6 


7 




2,7 


8 




■ 1 '° 


9 


co 2 


20,0 


10 




0,54 



Summa 83*293 
Organisk substans +■ ratten 16,707 



Suwraa 100, o 

Nr. 1-6 ha bestamts ur aska, 
nr 7-12 ur rk skiffer* 



Oljehalt i gal/ton: 0 10 15 20 30 40 60 80 
Specifik vikt X 88 2,76 2,53 2,42 2/32 2,16 2,03 1,81 1,6 

Ski f ferns specif ika varme rid 77°F. 

Oljehalt i gal/ton i 1 10 20 30 40 50 60 

Spec, rkrme s kcal/kg°U: 0,21 0,22 0,23 0,24 0,25 0,26 0,27 

G-enerellt galler forme In: 

s - 0,172 + (0,067 + $,00162 x G) xTxlO*" 3 kcal/kg °G , 

dar G s oljehalt i gallons/ton 
T - temp, i °F absolut 

Vid 30 gal/ton ar ^ 32 2,16 och s ° 0,24 kcal/kg °C. Detta motsrarar 

3 = * 2160x0,24 « 520 kcal/a C. , d f T.s. nagot lagre an Tar det 

575 kcal/m C som galler for Kxamtorps ski f fern* 

Ski f fern s rarme 1 e dni ng 5 f o rmiga : Inga data tillgangliga. 

Data for de hens and a skiff erproTernat 

Tra prorer ar medelrik och strcket rik. skiff er ha aT undertecknad y 
sants fran Rifle till arenska Skiff erolje A # B«, emhallsrade i ' en tralada. < 

Det storre skif f srstycket rager 35 kg och ar tagst i medelrika lager £ 
straxt orer mahogany marker och Mr* Carl Belser uppskattar att det haller 
cirka 25 - 30 gallons olja per ton* 

Det mindre strcket Tager 5,5 kg och ar taget i det rikaste lagret 
cirka 14 fot under mahogany marker och uppskattas halla cirka 65 - 70 
gallons olja per ton* 

*- 

T) 

y 

Vi Tillgangar till elenergi. r- 

id 

Enligt uppgift fran Mr. Mull finnas fdljende kraffcatationer inom 
rimligt arstand fran Rifle t 

b- 

1) Hoo-rer Dam, med nurarande kraftbelopp 1.435*000 hkr ° f 

li slutligt framtida kraftbelopp 1.835.000 hkr 

o- 
y, 

2) Green Mountain, vid Blue RiTer, just utbyggd 30,000 hkr a . 

;ts 
)n 
in 



3) sstes (?) P* (klar 1949) 63,000 hkr 

4) Mary's Lake 11.300 hkr 

5) Glemrood Canyon (Shoshone) 15.000 hkr 



finnes stora outnyttjade Tattenkrafttillgangar i omgiTningaraa. 



a 
es 
ed 
ed 
e- 
to 

I Goloradofloden nara Hi fie finnas enligt Mr. Mull endast ett par st alien U 



med fordaniningar med cirka 2 meters ho jdskillnad, dar aan skulle kunna anlagga 

mindre kr aft stationer, Direktdr Linden ar eaellertid aT den asikten att det pt 

tea 

cstaten kan leTerera kraft till ett pris ar eta 0,25 cent/kWh, men som W 

in 

regel rill man ej ataga sig distributionen, utan saljer kraften till prirata ful 
bolag, som tar hand on. distributionen och darrid begara c:a 0,3 cent/kSTh. t 

I 



Vid Bureau of Mines ' f orsbksanlaggning har man for namrande installerat 
tre sma trans fo mat orer oa vardera 500 kW e'ffekt, d*r.s. man har tillg&ng 
till endast 1500 kW, som nastan helt utnyttjas for den normala driften. 

Det ar salunda tydligt, att for tfSnsok i sanaa storleksordning som 
Norrtorp I maste en ny kraftledning anlaggas. Mojligen kan ett forsok i 
samma storleksklass som det forsta forsoket Tid Ostersater genomforas med 
den nuTarande krafttillgangen. 



VI i Synpunlcfa er pa mojligheter till Ljungstromsmetodens tillanpning i Rifle. 

Nedan studeras tra alternate t, namligen a) drift i ett ung. 100 a. 
djupt lager med medelutTinningen 15 gal/ton, och b) drift i ett 20 m. 
tjoclct lager med ung. 30 gal/ton utTinning* (nnligt Fischeranalys ) 

a) Skiffer med 15 gal/ton oljehalt (enligt Fischeranalys) 

Speoifika rarmet blir, med s =* 0,225 kcal/kg °G och ^* 2,42 kg/dai 3 « 

S - 2420 x 0,225 =* 550 kcal/ia 3 °G 
-Antag uppTarmning 380° G\ Antag vidare att Fischeranalys ens oljehalt reduceras 
till 75% rid pyrolya in situ, 

Ant ages vidare 10 % forluster pa grund ax T-armeaTledning, blir den erforder- 
liga elenergien per m° skiffer, d,T.s* per 0,75 x 150 liter olja som utvinnes, 

ff - 550 x 380 x ( 1/860 f x 1,10 - 270 kWh/m 5 skiffer* 
Saledes blir e££cgibehoTet per liter producerad olja 

W x - 270/0,75 x 150 - 2,40 kffh/llter, 
Vid 0,25 cent/klflh motsrarar detta 2,2 ore per liter. 

b) Skiffer med 30 gal/ton oljehalt. (ung. 300 liter per ?a 3 skiffer enligt 

, Fischer) 
Enligt sid. 4 galler for denna S = 520 kcal/m °C. 

Med saiasia procentuella utTinning 75 % ar FischerTardst, men med nagot storre 
varme forluster i det nu betydligt tynnare skif f^rlagret , forslagsTia 15 %, 
fas . W - 520 x 380 x ( 1/860) x 1,15 = 265 kfth/* 3 skiffer, 
och 1^ - 265/ 0,75 x 300 - 1,20 kWh/liter. 
d.v.s* energikosbnaden blir endast 1,1 ore per liter. 

Synpunkber pa total produktionskostnad* 

Ing. Soderbaum har i en utredning aT d. 3/5 1948 beraknat kostnaderna 

2 

for ett fait i Rifle med 100 a area och 150 n djup, d.T.s. Tolymen 
15.000 a 3 skiffer. 

l/arrid har en si lag oljeut Tinning som 55 % aT Fischeranalys ens Tarda 

15 gal/ton antagits. wagot optimistiskt , men mera sannolikt ar att. 75 % kan 

utTinnas som antagits oran. (ingen orsten i ColoradoskLf f era bl aja ) 

Skif ferns specif ika rarme har Tidare satts sa hbgt sowibill 750 kcal/m 3 °C, 

Tilket enligt oran ar c:a 35 % for hbgt. 



Vidare har borrningskostnaden entagits rara tre ganger sa nog son via worr- 
torp och elementkostnaden 50/'c hdgre« 

Trots detta har ingenior Sb'derbaua i sin utredning erhallit resulta- 
tet att produktionskostnaderna skulle bli ji 2,35/barrel rid 15 gal/ton 
oljehalt (liksom i alternatir a) oran) 

Harrid har elenergiatgangen,used ardrag for med skiffergas producerad 
egen elkraft, beraknats till 1,9 k^h/liter, att jamforas med r'ardet 
enligt alt a) oran, 2,40 k7?h/liter utan ardrag for egen elkraft. 

Yid alt. a) utan egen elkraft bo rt fall a tillaggskostnaderna for ang- 
krs ftgen-areringen och om man raknar tied de enligt nainnda alt. antagna nagot 
gynnsamraare siffrorna for procentuell ol jeutrinning och spec. Tame, borde 
oljeproduktionspriset stanna rid c:a $ 2jOo per barrel, ett rarde sora 
undertecknad tidigare uppskattat, 

Vid drift enligt alternatir b) med tunnare akifferlager med 30 gal/ton 
oljehalt, torde priset kunna bli arser'art lagre, aen endast en liten del ar 
hela skiff erkroppen utnyttjas darrid och alternatiret ar darfdr olampligt, 
sari da det ioke kan til lamp as i kombination med brjrbning ax skiffern, varrid 
"aren de annars mycket oekonomiska borrhalsdjupen kan' reduceras till ett 
minimum. 

Kombination ar brjtnings- och Lj-ia.etoden» \ 

Vid den brytning, som nu planeras* har man tankt sig att sprang a ur 
75 >'o ar skiff ericroppsn i relatirt grunda horisontella schakt, dar man laianar 
krar kradratiska stddpelare med 50 fots sida» 

Alan kan erentuellt tank a sig att inne i dessa schakt med sin relatirt 
plana golryta utfora borrning nedat ar rarme- och gashal och drira. ar de 
underliggande lagren med Lj-metoden* Harrid far giretris speciella rorned- 
s'attningsmeboaer till'aapas* (bronnsretsning ar korta rdrdelar eller neds'att- 
ning ar rdr som lindats bockade pa. trummor) aen metoden ar fullt tankbar. 
Den skulle innebara en ford^l darigenom att horisontella ut gang sp lan for 
borrningeii astadkoras och att borrning en genom t jocka, hdgt belagne. och starkt 
kuperade sandstenstacken undreks. 

Visserligen t'innas horisontella markplan om 10-20 acres har och Tar 
oxer skiffern, men den oian skisserade kombinationsmetoden skulle kunna ge en 
hog utny-fct jningsgrad Tor hela skif f errolymen och ej begransa Lj-iaetodens 
tillampning till enstaka ».arkp artier, Svarigheter med rentilation inne i 
schakt en forutses emellertid* 

lfdrslag till fb'rsb'k i halrstor skala* 

Under alia omst'andighe.ter torde det rara 1'attrindigast stt gora fdrsdk 
i halrstor skala inne i gruran. Man har nu brutit ut en stor kammare Joed 
ho j den B m, bredden 15 m och stor langd. Ho j den kojamer att okas till 21 m. 

I detta grurschakt bdr det kunna gk bra att s'atta ned ett mindre antal 
element och geno mfdra ett fdrsdk i en skala liknande Uster s'aterf drsdket . 



IvVoilighetsr finnaa ^iretVis area till forsok i floddalg&ngar , dar skiffern 
gar i dagcn och de rika lagren ligga relatixt grunt, men en ny kraffcledning 
maste da troligen dragas till f'drsbksplatsen och 7idare blir arstandet till 
Bureau of Mines fbrsoksanlaggning wed sina tekniska resurser en olae;enhet* 



Dir-srse data aT intressei 

Tolal raoljeforbrukning inom USA ar lor narrarande eta 2«25O*0O0.O0O barrels/ar 
6 

* 6 x 10 barrel s/dygn * 4000 ganger totalproduktionen i KTarntorp rid 
fulldrift. 

De 300 irdliarder bi?.rrels soul uppskattas finnas i Colorado, racka -rid denna 
fbrbrukning i 130 lr. 

On sa TJijcket som 10 jo ar denna Valdiga oljemangd skulle produceras 

med Lj-metoden, d.r.s. 0,6 x 10 x 159 liter/dygn * 4 x 10 liter/tim, 

atgar rid alt, a) enl. ovan , (15 gal/ton oljehalt), den ungeTarliga effekten 
g 

2,4 x 4 x 10 - 10 mi lj oner JcCT , d-r.s. i det narmaste 10 kraft stationer aT 
Hoorer Dams kapacitet. bom aynes ar det tamligen ombjligt att en Terkligt 
betydande del a.r USA:s oljebehoT inom orerskadlig framtid skulle kunna fram- 
stallas med Lj-metoden til lamp ad pa dessa skiffrar, jaen det ar sannolikt att 
den battre ol jekralitet , som man kan ^anta sig rid denna metod jamfbrt ro.ed 
retortmetoderna {rer den berattigande for Tissa spe^iella behor, da oljeskiff- 
rarna maste tillgripas pa allvar och i stor skala i U3A % 

Det ar for b>rigt aren aiycket srart att tanka sig att man med gruVbryt- 
ning och retortbehandling aT skiffern skall kunna producer* ens en liten braJk> 
del ar USA is oljebehor. Kaf fine rings sirarigheterna aro darrid Tor OTrigt 
mycket stora an sa lange. 



Elenergi framstalld med koleldade angkraftTerk kostar csa 0,7 cent/kV/h 

Mr. Mull uppger att i Journal of the Institute of i-etroleum , okt, el. nor. 
1947, finnos en artikel oa Fluid cracking .roccss. Applied to Shale Retorting , 
soia ar pycket intressant. 

Vid karnborrning far pro-rtagning i enstaka hal anser man att borrpris-st 
ar $ 7,50 per fot, ett mycket hb'gt Yarde. 

Linkoping, den 27 juni 1948 

" ' 

Bilagors Olle LjluingstVoa 

1 - 3 i Bureau of Mine s' Pub likati oner enligt lista a sid. 1 (endast ex* 1 a T rap) 
4 - 6i 3 kartor orer Parachute Creek , Highsore" och Roan Creek , Colorado 

(endast bilagda ex. 1-3 ar rapport en) 
7: Data for Coloradoskif f er ^| 

8-9 s ii ii ■« «. -olja j (endast ox* 1 aT rap») 

10 1 Fargbilder fran Rifle, ( - - - ) 

lit 8 nun. fargfilm tagen fran luften bVer Rifle, ( - ■• - ) 



•jixjluc Yvxxiiae *cy—^J g*LUL<Mj' ton] 

SOURCE, BurBau of M±r* a , Oil Sb*l* Mi«, Aaril Point., Rifl., Colcrad . 
FISCHER ASSA^i 



OIL, GA1./P0IT 
WATER, GAL/rQH 
Oil, PEECEHT 
WATER, PERCENT 
3PEHT SHALE, PERCEST 
GAS FLITS LOSS, PERCEST 

TOTAL 



cqgogrnoH of raw 



1 

2 
3 

5 

6 

7 
8 

9 

10 

u 

12 



310 2 

?a 2°3 
«2°3 

CmO 
MCO 

so 3 



P 2°5 



T 2°5 
TOTAL ABOVE 

OBGAHIC PLUS WATER (BT DIFFERENCE) 
*. TOTAL 



26,7 
3,3 
lou 
1U 
85,7 
2.5 
100.0 

lVfJlfc 

2.6 

6.6 

17.1 ' 
5JL 
0.6 

2.7 
1,0 
20.0 
0.54 
0.35 
0-003 

33.293 
16.707 

100.0 



ITEMS 1 THROUGH 6 DETJ5HMDED Off ASH, CALCULATED TO RAW SHALE, ITEMS 7 THOUGH 
12 DETEHKEIED OS SAtf SHALE. 
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Lab, Sample No« IUpr»— at«tlT» Task g—pl» ate Analyzed^ 



Source of Shale P«Mcatr»tlcm Plmrt Mi*» D ate Sampled 1/26/4* 
Eduction Method I-f-g B«4ort» Eduction • Date 



SUMMARY OF PROPERTIES 



r^operties of Crude 



Distillation Summary 



$p. Gr. 60/60°F. 






Percent 


.959 


Naphtha (Fractions 1-7) 


2.9 


; P.I. Gravity 


19-2 


Light Distillate 




ii=jLfur, Percent 


.? 


" (Fractions 8-11) 




Nitrogen, Percent 




Heavy Distillate 




Pour Point, °F, 


90 


(Fractions 12-15) 




Viscosity, S,U. 




Residuum 


39.9 


S-^anda at 100° 




Loss 


3.3 



ANALYTICAL DATA 



)ist illation a 



HG> Pressure 



'raction Cut at Per- 



Gravlty 



No. 


°C 


OF 


cent 


1 


50 


122 




2 


75 


187 




3 


100 


212 






125 


257 




5 


150 


302 




6. 


175 


347 


.3 


7 


200 


392 


2.1 



Sum Sp. Gr. °A.P.I. 

Percent 60/6Q°F« 6 0°F 



Naphtha Composite 
(Fractions 1-7) 

Percent 




.8) 

2.9) 



Tar Acids 

Tar Bases_J& MU ££ici«nt 

Neutral 011 g^mpl^ 

Paraffins and 

Naphthenes 

ff m% Olefins _ 



Iromatica* 

* Including sulphur and nitrogen 
compounds 



stlllation at MM, HG. Pressure 



action 
No, 



Cut at 



'8 
9 

10 
11 
12 
13 
L4 
L5 

ilDUUM 



125 
150 
175 
200 
225 
250 
275 
300 



257 
302 
347 
392 
437 
482 
527 
572 



Per- Sura r „ 
cent Percent 6o/6Q°F 



Viscosity 
Gravity K. V. S.U.V. Anollne 
S p# Gr # A, P. I. Centi- Sec, Point 
6Q°F Stokea °C 



Cloud 
Test 
°F 



JLA 
Jul 



12*2 J2£& 



JB23L 



25*0 .903 



U~2L 

ULa 52JEL 



34*2 iSlfi. 



.930 



27.7 5.17 

22.6. ia.u 

20, IS 42,75 

19.Q 75.45 



36.0 ^ 




•bon Residue of Residuu m 9-49 Percent; Carbon Residue of Crude t^j Percent 
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.07 Percent; Ash on Crude m rQ 



Percent 



Cuta too dark for aniline point and aim* t*«t« 

c»tM»c*4.* I j 'hc s a crcwcjuA 
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_„ „, nnaxyaxs i»o.....r. 

A.S.T.M. DISTILLATION TEST 

DATS... • _ SAMPLE NO . ^/^^^l. 

TIKE „.. 

SAMPLE SOURCE «^ J^*^*S* SSs — 

3. EMITTED bt Twa»f»r»d to &rua§_ cnJ^B*.. Sfllt . ""f?- 



per cent_ ; jraip. °f f«^.fr(76omij 



I.B.P, ! 


310 


324 




463 


.; _ M. 


10 .! 


. . ..508 .... . 


..: m 


20 _ ; 


. ..-:576 


594... 


30 f 


618 


636 




Oo 


658_ 


Jo. 


655 


673 


JO L 


668 


688 


SOI 68 j 


680 


700 



so; i l 

._2P_ 

95 ; 

£j.„p. I 

RESIDUE ; 
LOSS 



^GHAVITT 

a,.p,.i....3q.°f 

..._;.Spg...60/6Q°F 

J. COLOR ... ~ 

'doctor 

. jcopj.osion _ „ 

.... jmsrt J*M* 

....J..R.V.P. 

.„„..;..yi.s.„ 

i REMARKS 



*F L 



55 . 

.90 
0.5 



'-624 

BAROMETER ■ ifitt mm. Ikvri _ j 



ANALYZED BT . . Jf jOflieSbW. 
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PRODUCTION OF 



LIQUID FUELS FROM 
COAL AND OIL SHALE 



by George Roberts, Jr., and Paul R. Schullz 



! >T*HE three important raw m;ik*rials • able and essential market as domestic 



that can be used to suppli merit 
! or replace crude petroleum a? sources 
I for liquid fuels are nat ural g as, oil 
. sh_ale,_ and con I. Of these, natural gas 
! Is tlie least important because of lim- 
■ ited availability. It is finding a prnfit- 



and industrial fuel, and the reserves 
in excess of these applications could 
provide only a few per cent of the 
demand for liquid fuels. Although of 
minor importance from the stand- 
point nf potential volume, the devel- 
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opment of synthetic liquid fuels fruit 
natural gas has led industrial re 
search efforts in the synthesis fid 
since it appeared to be the most,ertf 
nomically attractive of all of the syn 
thesis processes. 

Production of liquid fuels from coa 
and shale has been developed on 
commercial scale in numerous foreign 
countries, particularly Germany. How- 
ever, the processes as develops 
abroad are financially unattractive ir 
the American economy, and hcnc< 
are of little interest in the present 
discussion. The synthesis of liquic 
fuels from natural gas has not beer 
practiced in foreign countries/ bui 
this process is -now nearing cornmer 
cialization in the United States. 

In order to evaluate the corhparai 
tive economics of liquid fuels from 
coal and oil shale, it was necessary 
to postulate representative cases, for- 
mulate workable plant designs, and 
estimate investment and operating 
costs for each case. Three basic cases 
were selected, one on oil shale, oro 
on bituminous ccal, and one on sub- 
bituminous coal. Nominal capacity o: 
each plant was fixed at 10,000 bbl. 
per day. The locations were selected 
after consideration of the critical eco 
nomic factors: raw material supply, 
labor, water, and existing transporta- 
tion facilities. Final product costs 
were debited with transportation 
charges to reflect product distribution 
in a common market. 

The designs were developed on a 
conservative basis. Known processes 
of definite operability were utilized 
to the fullest extent. When proved 
processes were not available, the re- 
sults of research were employed to 
devise a process with maximum as- 
surance of operability. 

Oil Shale 

It has been estimated that at least 
100 billion barrels of oil can be ob 
tained from known United States 
shale deposits. 1 The recovery of oil 
from shale is a commendable con-; 
servation measure since oil shales in 
their natural state are not useful 
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TABLE 1— RAW MATER TAL REQUIREMENTS 



GEORGE ROBERTS 



Raw materia! required per barrel 
of liquid product: 

Crude oil, bbl. 

Natural gas. M.c.f. 
Oil shale, tons (30 gal. per* tori 

assay) ^ 

Coal, tons ...... 



Wyoming 
crude 



Na tural 
gas 




Ot>UCTS 

Montana 
Indiana subbi- 
bltuminous luminous 
coal coal 



0.86 



P. SCHULTZ 



This paper summarizes lhe results 
of a study of the technical and eco- 
nomy status of liquid fuels from oil 
shale and coal. This study was made 
to bring up to date evaluations of 
these raw materials as poieniial re- 
placements for crude petroleum. 
Hoberts is manager of research de- 
partment and Schulli is manager of 
economics department. Stanolind Oil 
& Gas Co.. Tulsa. 



as fuels like cmil and natural gas. 

Production of liquid fuels from oil 
shale may be divided into two basic 
operations- (1) the mining of the shale 
and recovery of the crude shale oil 
and (2) refining of the crude oil. In 
the United States, the Bureau of 
Mines is actively investigating all 
phases of the oprratinns. Some in- 
dustrial concerns are studying the 
retorting operation and refining of 
the Crude oil. 

The investigations on mining by 
the Bureau of Mines at Rifle, Colo 
h.-ivo indicated that oil shale in that 
region can be mined at a cost of about 
60 cents per ton by "underground 
I quarry" techniques.* Conventional 
I conveying equipment can be used to 
\ transport the shale to the nrarbv re- 
I torting site. 

, For the retorting of ...| ,| u ,Il', sev- 
/ cral methods have been pi ..posed, and 
| !;ome experimental work hns been 
performed. The methods uulude 
N.T.U. retorts, fluid bed operations, 
Thcrmofor kiln, and Union Oil Co 's 
upflow retort. 1 The Union type was 
selected as a basis for this study since 
it is continuous in operation, relative- 
ly simple, and requires a minimum of 
tooling water. It is a large cylindrical 
vessel into which the crushed shale 
is introduced by an under feed stoker 
device. The shale passes upward 
through the vessel and is discharged 
as ash at the top. Air enters at the 
top, is preheated by the effluent ash, 
Uirns the residual coke in the spent 
slialtv and carries heat into the raw 
sliaie for removing the crude shale 
•"I. The vapors from the distillation 
">no are cooled while heating the 
'iK-ciming shale, and the make gas 
*'iid condensed oil are withdrawn 
Mi'ar the bottom of the vessel. 

rti'fining of the crude shale oil into 
umducts competitive with those from 
petmlcum is a major problem. The 
shale oil is rich in nlcfinic and ring 
compounds and h;is tmubicsome con- 



Llqutd-product 
cent; 
Gasoline .... 
Gas oil . 
Residual 



distribution 



fuel 



Total 



Byproducts produced pet: barrel' 

of liquid product: 
Petroleum coke. bbl. (fuel-oil 

equivalent)* 

Net fuel gas. bbl. (fuetoii ' 

equivalent)* . 
Coal fines, tons . 




0.00 



91.4 
3.3 
5.3 

100.0 



"Based on fuel oil having 150.000 B t^/per gallon net heat of combustion 



0.1S 



TABLE 2 IN VES TMENT (DOLLAJM PEX BARREL PEH CALENDAR DAY) OF 
EQUIYAIXHT GASOLINE 



Raw material - 



n , , " . \.\ crude 

Producing or mining . ...*.. ;\ *S6.B00 

Raw-material transportation* - 

Processing . . .t »!.*"...'';!. 2,700 " 

Product transportation ..".*..."..;•.. ...... 

Operating Investment $9,500 

Housing '. ~. 



Gulf Coast Colorado Indiana 
Wyoming natural oil bituminous 



gas 
*?300 
400 
- 5,500-,- 



$8,200 



Total 



investment ; q $9,500^ 



shale 
$1,100 
1. 000 
8.200 



$10,300 
1.400 



coal 
$1,200 
100 
11,200 
200 

$12,700 
1.200 



Montana 

subbi- 
tuminous 
coal 
$1,100 
2.800 
11.200 
800 

$15,900 
2.300 



$5,200 $11,700 $13,900 $18,200 



*A11 exploration costs, dry -hole expenses, etc.. are chamed acaf nqf „n 
tlons without apportionment to natural-gas operations Crtargca a * ainst ^rude-oil opera- 

^ TABLE 1— HAW-MATERIAL COST (OR PRICE) AT MINE OR WELL HEAD 



Raw material — 





Direct 


Unit price 


costs 


$/bbI. 




c/M.c.f. 




$/ton 


0.80 


$/ton 


2.S4 


?/ton 


1.39 



Indiana bituminous coal 
Montana subbitumlnous coal 

'Market price assumed. 

TABLE 4 COST OF LIQUID FUELS EXPRESSED AS 

EQUIVALENT GASOLINE 



Direct costs: 

Raw material 

Raw-material transportation 
Processing 

Product transportation ...... 



Direct costs 

plus 
8%/yr. on 
mining In- 
vestment for 
depreciation 
and interest 



0.83 
2.73 
1.58 



Direct costs 
plus 
14%/yr. 
on mining 
Investment 

(10-year 
payoff after 
Income taxes) 
•2.09 
M2.00 
0.99 
3.03 
1.83 



CENTS PER GALLON OF 



Subtotal ... 
Less byproduct credits 

Total direct cost 

Direct costs plus 6 per cent per 
year on invcstmrnl for depre- 
ciation and Interest 

Direct cost? plus 14 per cvnl pet- 
year on investment (10-year pay- 
off after income taxes) 



Wyoming 


Natural 


Oil 


bl turn in 


crude 


gas 


shale 


coal 


•8,8 


•3.3 


4.1 


5.4 


1.4 


0 


1.8 


0.1 


2.8 


4.2 


7.0 


7.9 


0 


2.1 


0 


0.1 


li.o 


9.6 


12.9 


13.5 


1.3 


/o 


0*.5 


3.2 




\ i 






9.7 


*"\9.e 


12.4 


10.3 


J 




/ 




(+&:7 


Ml.9 


16.4 


15.3 












tis.o 


22.5 


22.5 



Montana 
subbi- 
tumlnous 
• coal 

3.1 
.0.8 
7.9 
0.4 

12.2 
0*3 

11.9 



18.1 



27.6 



production facilities. 
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TABLE 5 — COMPAflATIVE ESTIMATES OF LIQUID FUEL COSTS 



Finvv mnterinl 
Company 



-0(1 shalc- 
-Colorado- 



Mnrkct 

. fiu-nslment per barrel o£ total p'roduct' per 
CD f including raw material and transpor- 
tation) 



Natural (fas N 

— : Gulf Coast ^ , 

Standard- Standard Oil Standard-*; 'Standard Oil 
Stanollnri ij Dev. Co.V ' \i Stanollnd v - 'Dev. Co ■ 

. Midwest East Coast • . Midwest .V CalUo mi a 



Rnw-mnftrrlal cost. 



Gasoline cost (Including 15 per cent charges 
mi investment); # 
Raw material, cents per gallon 
Manufacturing «nnd transportation jess 
crcrifU. cents per gallon 



?6.00U ; $7,100 .. . 

Kc/MSCF 

3.3 • \ .\ 3.0 '" ■ 
12.7 ^ in.o 



$9,700 - -, m fr ?>$a,600 



— — Bitu mintMis cf.il ~. 

. — R.isl of Mississippi Rivirr 
Sl.-mriard- Standard Oil 
Shmollnd • Dev. Co.™ 
Midwest East Const 



513.300 ■ $9,600 

$3.03/T ■ 



Total at market center, cents per gallon 



13.0 



13.0 



: 22.3 



-Data from paper by Murphree. Gohr, and Barr. A.I.Ch.E 



; : 18.T 
IMS. 



22.3 



19.7 



lents of nitrogen, sulfur, and oxygen. 4 
It is also too deficient in hydrogen 
to respond well to crying. However, 
a preliminary cokin J* operation can 
remove some sulfur with the coke, 
and the coke still distillate can be 
hydrogenated to yield a product that 



regional meeting. *%Tlsa, May" fc" 

' '•> • a. • ■• . ■ 

Physical properties these tw"d 'jjraiies ^BiC fte BOteaU of Minesls'investi- 
of coal find little. demand today. Cer-^; gating two ; types of dilute-phase re- 
tain grades of eastern coal/ such "as r actors/ 'the.aimple vortex burner and 
antr^acite and the biturnlh6us 1 grad'e'';4 i tHe Kbppe& generator. Other groups 
suitable for :. making ; ■'fnetaUurJ^;^-fiiVe««»itfng fluid-bed carboni- 
co ^ e - ""^."^P^rom use for .^zatron orcoal to yield fuel gas and 
synthetic-fuel. : phidUetioftf : because i^gfluid^^g^IcaUon of coal or coke 

*" alternate methods to 



to be mined ^Th».d.ta OtttiMgilU*^ 

[e using , the r^ftrtrflM^ 
the Bureau > mar fly,yltf. !«bliat^^rtfig=:B^M^Bfieim\iMy Tift low t 



llcablS 



ill 



yy-t wii, ij aaaumcu UU UtT HUiieu 

in the region : hear Rifle using the 
techniques developed by the Bureau 
of Mines. After crushing at the 
it is transported^ by \ conveyor '. _ 
nearbyrSetorting i site where, the. oU -'^otkiffri: 
content^ •tecoyefed ::iri" Union-type ^lnciraiff6^?'ar«i 
upno^rtetortaj-The rxrtide shale ' bC'>s«m^^atr^Ee^ 
is vfe-brdkeri' in • order } to "recluce Z»Ur!#-S^h1dgCTO^n? 
point';tecI:MsCTsIty r i^ae%t^ tti per^lyp ■ t»# 'dMS&t 
mit plpSttffi*^^ 

f inery^'fiereltjrf Mft ltiai markets fln^an^^- — — 
this study cohsia^M tcr^ 
Extend^-'reflnihi.* ti'eflr^ff^ffiate 
* deposits would beimprflciic^be^ 
of the^tiM^ 
lack of aae^taW^ater 
^Atrthl^Tr^^ 
broken shalff^ni^^biffi»d^^ 

{ - stills <«stiila^11t ^ 

lyJicaUy^e^^tlW, ^uiunM, 

is fihishia^m^ffiir^^P 

convenillBMVihfcflfir ^ " 

drogi^fbrs 
■Ition^llgbl 

iuel|^ 
arid^bthi 



fh^iff catal^rlit fixeil be<^r 
Mlcri: cii^amg-^hrough- 1 * : 

3fiS«bul^Wcesa • sire (1) liw^i 
^^tfbA^Hicfi neces«itat«li 



TWiiBet^.iS'^-r 

^#1arly*tfii^?fWVTd^i?a1i^.w^ 




1 




ttves, with some waste carbon dioxide 
and water. The hydrocarbons are re- 
covered by conventional methods. 
After catalytic treatment under mild 
cracking conditions (isoforming) 
which also converts the accompany- 
ing oxygenated compounds to olefins, 
these hydrocarbons are separated into 
gasoline, distillate fuel, and residual 
fuel. This synthesis process is con- 
ducted at pressures up to 500 psi., has 
vastly improved heat transfer char- 
acteristics as compared to fixed-bed 
processes, utilizes a cheap catalyst, 
and produces a high yield of quality 
gasoline. 

Very little work has been done to 
date on application of fluid-type re- - 
nctors to low H,:CO ratio gas, such 
as may be obtained from coal gasifi- 
cation. Since the fluid-type reactor is 
considered superior to the fixed bed 
for this reaction, it was employed 
for purposes of this study. As a con- 
sequence, the water-gas shift to ob- 
tain higher ratio gas was included 
in the process design and the eco- 
nomics. 

Recovery and finishing of the prod- 
ucts from the synthesis reaction based 
on gas from coal have not been in- 
tensively investigated in this coun- 
try. However, the operations devel- 
oped in connection with synthesis 
from natural gas should be directly 
applicable. 

The basic process flow for the coal 
plants is Illustrated in Fig. 2, although 
separate designs were made for the 
bituminous and subbituminous coal 
cases. The coal, mined and delivered 
to the plant site, is pulverized and 
reacted in a fluid bed with oxygen 
and steam at elevated pressure. The 
icsultant gas has a H.:CO ratio of 
approximately 0.8 and is reacted with 
steam over a water-gas shift catalyst 
to yield a H„:CO ratio of 1.8. After 
removal of carbon dioxide and sulfur 
compounds, the process flow is sim- 
ilar to that developed for a plant 
using natural gas. The synthesis gas 
is reacted over a fluid iron catalyst, 
nnd the reaction products are sep- 
arated. A portion of the off gas is 
recycled to the reactor while the net 
make is passed through a conven- 
tional oil absorption system to recov- 
er the liquid hydrocarbons. The liq- 
uid fraction, combined with the oY 
buUnized stream from the vapor re- 
covery system, is isoformod t» im- 
prove octane rating and to o. overt 
the oxvpenated compounds to th. c or- 
responding; olefins, and is fractionat- 
ed into conventional cuts. The pro- 
pylene and butylenc recovered in the 
absorption system are catalytically 
polymerized to yield polymer gaso- 
line. 

Since this study is concentrated on 
Lnji-id rucls. neglecting byproduct 
chemicals, the product water from 
tht renctor is subjected to distillation 
i to concrnW-nle the water-soluble 
! chemicals :is a distillate. This frac- 



tion is passed through the isoformer 
to convert the oxygenated materials 
into olefins and augment the hydro- 
carbon yields. 

Economic Comparisons 
A study of the economics of liquid 
fuels from coal and oil shale would 
have little meaning without an index 
for comparison. Consequently, a base 
case for fuels from Wyoming heavy 
crude was developed. This oil was 
chosen as the least desirable of cur- 
rent crudes and the first increment 
of crude production which could be 
replaced by other sources of liquid 
fuels. A case utilizing Gulf Coast nat- 



ural gas as a synthesis raw material 
was also developed. 

In evaluating these various raw 
materials as sources for liquid fuels, 
a number of important factors must 
be considered. Transportation charges 
are important In the costs of the fin- 
ished product, and it was elected to 
develop cost data for all cases on the 
basis of a market centered at Chicago. 

Choice of raw-material source is 
likewise of considerable economic 
significance and was carefully made. 
Selection of a source of oil shale falls 
rather obviously to the region near 
Rifle with the shale-oil refinery lo- 
cated at Chicago as previously men- 



Are your salt water 
disposal costs too high? 

HERE'S HOW TO CUT PIPE REPLACEMENTS 



There's no need to pay out good 
money for frequent pipe replace- 
ments in your salt water disposal 
lines— not if you put Transite Pipe 
on the job! 

A Johns-Manville trade-marked 
product, Transite Pipe is made of 
asbestos and cement combined by 
a special process that makes it 
strong, durable and highly resistant 
to corrosion. It successfully resists 
the action of salt water on the in- 
side, corrosive soil on the outside* 
thereby cutting costly pipeline re- 
placements. 



You get other advantages, too, 
with Transite. Light in weight, it is 
easy to handle. Most sizes can be 
unloaded and lowered into the 
trench without mechanical han- 
dling equipment. And Transit's 
factory-made Simplex Couplings 
speed assembly . . . provide tight 
yet flexible joints that permit layi ng 
the pipe around curves without 
special fittings. 

Get further details about Transite 
Pipe by writing to Johns- 
Manville, Box 290, New 
York 16, N.Y. 



m 



SEPTEMBER 15. 



19 4 9 




Johns-Manville 
TRANSITE PRESSURE PIPE 

w V Are Asbestos Product 



h.mrd. Km- the- bituminous coal case, 
a location near Vincennes, Ind., was 
chnsen as combining adequate coal 
deposits, water, suitable labor supplv. 
and rail-transportation facilities. In 
the casr of subbi luminous coal, how- 
ever, selection of a plant site was not 
so easy, and it was finally necessary 
to compromise on a location near 
Miles City, Mont. Water, labor sup- 
ply, and rail facilities arc adequate 
at this location, but the coal must be 
brought tu the site by moans of a 
60- mili» conveyor system. 

From the standpoint of process de- 
sign, the principal difference between 
the subbituminous and bituminous 
ca*-; is the disposition of make (fuel) 
gas in excess of plant requirements. 
In the bituminous coal case, it is as- ■ 
sumcd that this gas could be mar- 
keted in the immediate area (south- 
ern Indiana) as industrial fuel. In 
the subbituminous coal case, no mar- 
ket disposal appeared feasible, so the 
excess is returned to the synthesis 
gas generator for reconversion to car- 
bon monoxide and hydrogen. This 
procedure decreases the coal require- 
ments per barrel of liquid products 
but does involve reprocessing of syn- 
thesized hydrocarbon gases. Another 
difference in these two cases is that 
the bituminous-coal case contemplates 
Underground mining while the sub- 
bituminous coal case employs strip 
mining. 

Summary Malarial Balances 

\' Summary material balances for all 
eases are given in Table 1. It may be 
Jo ted that the coal requirements per 
jterrel of liquid product are virtually 
On* same for bituminous and sub- 
Wturninous coal. However, the bitumi- 
nous coal has a net production of 
^product fuel gas amounting to 0.08 
jpi. of fuel-oil equivalent. The sub- 
tummnun-conl case is in fuel bal- 
ce and does not have ..this by- 
oduct. i 
f Cost estimates were made* for each 
those designs based on high engi- 
nng standards. All utilities and 
:ihties in addition to process equip- 
;nt were included. In this connec- 
rn, useful indices were obtained 
rn the definitive cost estimates pre- 
red for the Stanolind Hugoton proj- 
i. for synthesis of liquid fuels from 
-_tural gas. Where applicable, raw- 
tenal mining and transportation 
vestments were included. Product- 
■nsportation investments necessary 
serve a common marketing area 
~rc also estimated. 
Investmeni cosis — A comparison is 
ven in Table 2. These costs are ex- 
-sscri in Hollars per daily barrel of 
utvalont gasoline. Equivalent gaso- 
ne is defined as 100 per cent of the 
asoline yield plus 70 per cent of the 
-tiilrte fuels, plus 40 per cent of 
re idual fuel. This method adjusts 
er-nt pmducts to a comparable 
is 



The ini'oimenl r»tsls lor Wyoming 
truilr ;m<l n;ihir;il tins inrluclc the pro- 
ducing facilities. The l.n.m; difference 
shown in this Mem (Sti.MllO pec d;iily 
l:airel vs. SiiOO) is i-ansi-d by the «p- 
porlionnieiit df exploralmn costs, dry- 
holc expefises. etc.. u'hich are nor- 
mally charged entirely to crude-petro- 
leum operation;;. Al.-n, the drilling and 
gathering chorees for natural gas are 
minimized because of the largo de- 
livcrability of individual wells in the 
Gulf Coast area. These items of in- 
vestment are shown for comparative 
purposes but were not used in the 
preparation of final product costs 
since crude and natural gas were 



assumed to have been purchased ;it 
a market price. 

Raw-maierial costs. — The compara- 
tive costs are Riven in Table In I he 
costs for shale ;in<l cud. all items of 
txpense including management, over- 
head, royalties, and production arid 
property taxes were considered. The 
price of $2.0i) per barrel for Wyoming 
crude is based on a posted price of j 
$2.04 tor 28 A.P.I, gravity and aj 
gathering charge of SO. 05 per barrel. 
The price of 12 cents pur 1,000 cu. ft. 
lor natural i>as is representative of 
the average price which might be oh- 
tained under a long-term contract for 
Gulf Coast natural gas gathered to a 
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, »A f.fW TANK FARM COMPUTtD IN l9-»Si 

The owner of this tank farm knows the value of 
Narasco products and service. The proper Natasco 
coatings were selected and then applied to the in- 
terior of these tanks by experienced Natasco workmen 
to provide the maximum protection from corrosion. 
Whether your tanks are just being erected or have 
been in service for years, Natasco protection will 
make them lasr many years longer at a reasonable 
cfbt and is backed by the S'a/asco Guarantee. 
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Why Natasco: Products: give longer life: ta tanks: 
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: : T. They arc insoluble in petroleum and petroleum 
:;r vapors. 

2. They are chemically inert in dilute solution of 
sulphuric and hyidrochloric acids. 

3. They are chemically inert to hydrogen sulphide. 
A. They arc impervious to gases. 

5. They have high dielectric strength. 

6. They arc elastic, withstanding the stresses of 
expansion, contraction* and bonding of metal 
without rupture. 

7. They have adequate film thickness. 

8. They adhere to metal, wood or cement. 

Let Nataseo's years of experience be your guide in 
. proper tank protection. Telephone, call or write for 
complete information. 




U"i« Tank Scrricc — Wen Tein Am: . Oliiurni'i Rcprtwnmivc: 
William! Conitrurtion Company Coait Contnciori, Ltd. 

Orfrui. Tfin S)«uion, Maywood, C*>. 
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central point. Allhnu-I, |h,. u ureau 
<»r Rlmrs c-i-tinui,. f.* r shale mining 
;urinnrvlrd t<« lil) irnts prr l,. M . this 
study yielded ill) mils p<.,- dnvct 
cost anil .99 cents prr dm wilh H prr 
cent charges on inwslmrnl. 

Estimated costs of liquid fuels.— 
Thi-sr. ;is drriv-rrl | n >nt th,. i; UV nia- 
lerials cliscu>scd. arr slmwn in terms 
of equivalent yn.^.linc in Table 4. ft 
will be noted that direct costs arc 
separated into several categories. The 
raw material cost was obtained from 
the values shown in Tabic 3. Haw 
material transportation includes the 
cost of moving the raw material from 
a central point at the source to the 
processing site. For the oil-shale case, 




however, the «.-ost .if transporting the 
f vis-bro]<cn shah* oil via p_ipe linr from 
;ihc relorfinn site at fiil'h- In the re- 
: finery site at Chicago was included 
under raw materia! transportation. 
Likewise, the raw-material transpor- 
tation charge for Wyoming crude 
covers delivery of crude oil via pipe 
line to a Chicago refinery. In the nat- 
ural-gas and coal cases, product- 
transportation costs to the marketing 
area are included. The byproduct 
credits include such items as excess i 
furl gas - * ■ * * * 

(ini-N-, 

Charges for depreciation plus inter- 
est or return on the investment must 
be included to ascertain the true 
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competitive relationship bet wee 
these sources of liquid fuels. Capi' 
charges at 6 per cent per year r 4 p 
cent depreciation and 2 per cent i 
tcrest on the borrowed capital J re 
lesent a return of investment h 
nonprofit operation over 25 years. 
14 per cent per year, the profits afte 
income taxes would pay off the i 
vestment in about 10 years. It wi 
be noted that the addition of capit 
charges to the direct costs for co 

. . - B and shale places the total cost f 

petroleum coke, and coal/ above the level for Wyoming crud 

' and natural gas. On the other han 
synthetic products from natural g 
can compete today with products fro 
purchased crude if the competitiv 
marketing area is judiciously selecte 
The foregoing discussion is all base 
on the current technological statu 
of synthetic fuels from coal and shale 
Present synthesis developments indi 
cate that several phases of the proc 
esses are subject to much improve 
ment. Although it is difficult to eval 
uate quantitatively *he effect of pos 
sible improvement on the cost o 
synthetic fuels, such a computatio 
is desirable to indicate the probable 
benefits to be* derived from future 
research work. Several process im- 
provements in coal synthesis, such as 
use of lower H,:CO ratio and im- 
proved methods of coal gasification, 
are believed to have an even chance 
of accomplishment. If all of these im- 
provements can be realized, the cost 
of equivalent gasoline from Indiana 
bituminous coal could be reduced 
from 22.5 to 17 cents per gallon. 
* These costs should be compared with 
:|I12.2 cents per gallon for equivalent 
| #a«oline from Wyoming crude; Re- 
^-.duetlbzu are also possible in the costs 
£j'6f manufacturing liquid fuels from 
tfoU thale. ^ ; 

?gf Numerous t'other estimates of the 
Sgwititi: of liquid fuels from sources 
jfdthcr than petroleum have been pui£ 
%ushe^L Bureau of Mines spokesmen 1 
^M^llljfitrtfedi investments of 13,100 
V pef dally barrel of capacity from oil 
^shaJit; $5 t 30ff per daily barrel from 
Tn&mral gas; and $8,600 per dally bar- 
rdi^ m^coal (including mining). Dl- 
^c^mparison of i nlosl^fjprevidusly 
"~1ftd:tfi11m^^ those ob- 

^ Ih^his stiidSf 1* :imi)b«ble be- 

j ^MfeW f^; of these 

s estimates^were not given or were not 
^detttte^^rlo^^ 61 a 

.similar} s^djr-by^ StandWd: Oil De~ 
i^opi^t^iim^ ^^ ih suffi- 
Relent detail fto^permit ■ £ compiirisori 
as ihdicfited-'m Table' 5; These data 
have be^ : adjusted to tt common 
raw-material;; cost, but charges in in- 
vestment'^;: were V unchanged because 
Standard: Oil-: Development Co. used 
; lfl^r^^ study, 1 

per ; cent adWalorem tax had been 
-'•Included in: niiahuf acturing costs prior 
to addition of: 14 per cent charges on 
investment. . /• i, -.--j- 
: : For the natural-gas cases, the dif-; 
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Icrcm.es in manufacturing and trans- 
portation costs may be due to a com- 
lunation of the transportation charges 
in different markets and the credit- 
ing of byproducts. For the oil-shale 
cases, a similar discrepancy may be 
due, in part, to the same factors. 

The bituminous coal estimates show 
a marked difference in raw material 
costs. The Stanolind case has a low 
liquid-product yield. However, it con- 
sequently produces a large quantity 
<>f byproduct gas which, as a credit, 
i educes the manufacturing costs' 
Some portion of the 2.8 cents per 
gallon difference is attributable to 
the inefficiency of the Stanolind case 
introduced by conversion of generator 
gas to a higher H,:CO ratio. 

In general, the agreement between 
these estimates is considered to be 
quite good. The fact that Stanolind 
estimates are consistently high re- 
flects the basic conservative premise 
that the designs would incorporate 
proved processes with a minimum 
reliance on untested technological im- 
provements. As was previously men- 
turned, eventual validation of some 
<>t these probabilities could reduce 
the estimated cost of synthetic gaso- 
line from coal from 22.5 to 17 cenU 
!•('»■ gallon. 

In summary, the production of liq- 
uid fuels from oil shale or coal is in 
;.n immature state of technical de- 
velopment. It can he expected that 



continued research will result in 
process improvements whic h wil l cf- 
fcct signi ficant reduct ions- irTTh? 4 in- 
vestmcnts?35er^ raw 

synthe^cli^uia^fuels mlKuTicture 

this stuBy gfiowg ^ at present v 
uid fuels TfW^olrshale and coal 



cannot compete with those derived 
from crude petroleum. Natural gas as 
a raw material may or may not be 
competitive, depending on the rela- 
tive locations of raw material supply 
and product markets. 

Based only on present technologi- 
cal status and estimated products 
costs, a choice between coal and oil 
shale as alternate raw materials for 
liquid fuels production cannot be 
made. Future research on these proc- 
esses, however, should indicate which 
process is superior. 

References 

Journal 4,, No . 34 m {mQh 
v-«m „ B " reau of M| nes. Reports of Tn- 
thetic Liquid Fuels." Jan. 194D 
3. H. Reed and C. Berg. "Shale and Air 

pZ n nr FUl Z in New C..ntlnu«; RetoA » 
Petroleum Processing. 3. No. 12. U8 7-92 

,-.h J c, S ", Ba11 M a1 ' "Composition of Colo- 

Rn/JnoH "r^ e ^., nl * " High Quality Fuels 
pJI f r T 0il R *t°rted from Shale" 
Petroleum Procrwlng. 4. No. 4. GU-2 ( i W 9|. 
S- U. S. nurrau of Minos. Ininrmaliori 



Circular (I.C.) 7-l8«. "Improvcmr.n., [U 
clrogenation of Coal." Dec. l!MB. 

7- W. C. Schrocdcr, "Svnllictic t 1 
Plants.** presented before Pctrnl, Ml m \|, 
chanlcal Engineering Conference. A *= \» r 
Amariilo, Tex.. Oct 6, 1048. 

8. E. V. Murphree et al. 'Xiqufd Fuel, 

i°r^ 2 er£y , Su , Pply -" P r «ented befor, 
regional meeting. May 9, M4.0. 



BOOKS 



-rJ^ E « PETROLEUM CHEMICALS - 
TRY. By Richard Frank Goldstein. With * 
foreword by Prof. Sir Robert Robin^n 
Published by E. & F. N. Spon. Ltd r 
Haymarket, S.W.I. London. England u- 
PP- £3 3a. 

This book has been especially coitmii'm' 
for all those Interested in petroleum an. 
its products, in catalysis and i-atalvtu 
processes, in industrial solvents, and in" a- 
branches of the organic chemical industi n 
particularly those concerned with allphnu. 
chemicals: for the manufacturer, user th. 
Industrial chemist, chemical consultant am) 
chemical engineer, and in the n-iemir 
sphere, for both teaching staff and M...| r ni 
Both principle and practice are dm'T with 
and the treatment of the subject matter t« 
comprehensive, ranging from fundnmenlal 
chemical theory to the application and out- 
let for the finished product, a cunsirior.nti»„ 
which makes It of -value also to tl>..^ <- 
sponsible for technical and corr-. 
development. 

The book is divided into 20 ch«» 
from "The Sources of Petroleum 
carbons 1 ;, to "Chemical Byproduct* i- 
Petroleum Refining." those in between h* 
Ing such headings as Oxidation of Pn. ; . ; 
fins; Manufacture of Olefins; Acids Anin 
dndes. and Esters, etc. Three appc-nrfi,, 
deal with joules to petroleum diem..,- 
statistics of production and consuim m. • 
of petroleum, and statistics of r-. 
States production of synthetic ntv» 
chemicals of non-coal-tar origin 
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\| Sweden* 
AugUat' 2, 1951* 



Sr. Boyd Outhrie» Chiaf : 
Oil-Shale Demonstration Braneht 
United States Dapartssent of the Interior 
Bureau of JSinetB, 
Box 792» 

X i f 1 e « Colorado* . . 



Bear Boyd Guthrie* " ; 

Thank yau for your latter data! July 24 pertaining to tha 
cooperate program preaontly on aehs&ule* •: * • • 

I cayaelf end in fact all of via had hop ad that you or Si&oa 
ffloaky would hava a ehanoe to yiait Sweden iil iirdar. to witness th« 
final part of tha teat runa* Of eottree* Mr* itetrert Wtarly is very 
welcome and we will not healtat* to preaent him all detaila end 
figures demanded* We bailer* that the' teat ruiia pending will be of 
decisive importance for a comprehensive avaluatioa of our methods. 
Tharefor^t wa hope that you will have a chance to >art'i'cipat a at 
laaat in tha final a tag a of the teats and would appreoiata if you 
latftr on would investigate tha possibility* Anyway, tho preliminary 
research work will tnka uome tiaw and would hardly demand tha preaanca 
of your Qbservara. ^e hava to oosipila several aeta of ha at bal&nctaa 
before we ara ready to go into action* 

Oar ra search department and our eaaoelatee are already involvad 
in preparation work* Your gaa combustion rat ©r t •■ present a fiaa effi- 
ciency fi#ura8 and your present retort to be designed ; with a bad 



shortly arrange for a teat run aohedttle with the different phaaee 
timed and apaolfiad* Thi a achedule will be ^submit ted you and all 
arrangements for the American expert** visit to Sweden will be prop r* 
ly taken care of« 

Kindly accept our thank 3 for your report regarding the shale 
shipped to us* Your method of sampling- 1 a am a to guarantee a represen- 
tative sample of ths Faba^any ledffo material* Incidentally* it ^ould 
be extremely interaeting- to discuss with ybu the poaaibility of 
combining in the Mahogany ledge the destructive methods with the 
Ljungatrtfm pr eaao* 

A copy of this letter ia sent to Mr* C*A» Sovgr n« 






fours Tory truly f 



Kopia till Dir. Oajrot, 

Dir. And arson, . 

Dir. David Daltnj 



Till Bolagsledningen. 



Bl 

hetr. Bradford- och Canada^projektet. 

I januari 1948 uppdroga &t mig att studera foruts&ttningarna for 
tm&npningen rv Ljungstrc^smetoden p& oljesand I U.S,A., foretradesvis 
i Bradford > Pa. Av ing- Olle Ljungstrc5m erh511 jag dels ett antal prpver 
av oljesand, dels en hel del data err intresse.. . 

Efter att ha foretagit de laboratorieundersBkiiingar, som de erhSllna 
proverna gav anledning till och efter att ha genonuraknat s&val de tekniska 
som de ekonomiska forutaattningama kom jeg frsm till en uppf attning om 
projektets mojligheter, som jag framlade i ett antal rapporter och prome- 
morior (OS-5 m.fl.) aanit vid de kanferenser, son ha h&llita tid efter ennan 
i frag an* Kin uppf attning, son jag efterhand fatt alltmera bestyrkt genom 
de data om oljessnden, aom tid efter annan publiceras i fackpressen, var, 
att projektet ang Bradford 3 and en var "dSdfott"* Jag vill bara parainna om 
nagra fakta, vilkas innebord kanske bast framgar vid jamfarelse med root- 
svarande for Lj-anlaggningen i Korrtorp: ^ 

Norrtorp ■ Bradford . 

Oljehalt i lagret ca. 15 volyms-7S 4 volyms.-# • 

Lagert jocklek 16 meter 15 meter 

Borrdjup 25 meter 300-500 meter 

Kraftpris (1,3 ore/k^h) (0,9 cts/kTfc) 

For jamfdrelses skull bor naturligtvis nanmaa, att men i Bradford blotfc 
skull e varma berget 40-60°C mot i Horrtorp 380°C. 

Hedan de anforda siffrorna ger enledning till betankligheter i frSga 
om projektets fxarafcid* Dartill ma fogas, att en grundlig teoretisk utredning 
av 8tronming3forhS.il andena i poro3a kroppar s scan jag gjort, (och som kommer 
att publiceras i Acta Polytecnica) visar, att dat ar hogst osakert^ om en 
temperaturhojning av denna storlek kommer att hoja oljeutbytet over vad son? 
kan 3, stadkoramas genom vanlig vatt enspolning- ("secondary recovery")* 

PS. grund av det synnerligen stora intresse, som amerikanska oljekretsar 
visat f5r detta uppslag har det ansetts lampligt att, trots betaakligheterna, 
ev. utfora ett faltforsok i Bradford for att fa ett deflnitivt svar pi flrfU 
gan om Lj-metodens mojligheter* Ett forslag till faltforsok .bar darfor ixtar- 
betata av ing. Olle Ljungstrom och mig. (0S-12) . Detta forslag har Sversants 
till Bradford och ar dar nu. under granskning „ 



Forslaget Uufozmades forsiktigt med tanke p& ovan anforda betankligheter* 
Den senaste fcorreapondensen frS.n U.S.A, visar emellertid att detta icke ob- 
serverats av de amerikanska intresgentexna, en foljd, sora jag fruktar kan fa 
vises konsekvenser. De forhoppningar , som vackts till liv under ing. Ljung-' 
stroma besok i Bradford, kommer med all sSkerhet icke att infrias, om ett • 
fSltforsok ut fores dar. Den f orhands^good-will 11 , som nu finnes for Lj-metoden 
s&vai i U.S.A. earn i andr a lander 5 skulle belt spolieras av ett f&ltforsok med 
negativ.utgang, Detta skulle vara till stornackdel f3r S.S.A.B., ty Lj-me- 
toden har belt sakert stara mojligbeter p& andra l^ndigheter. En "speloppning" 
pi den utlandska marknaden bor ske p& en gynnsam plats, heist p& den gyimsam- " 
ma3te, som kan uppletas, och i varje fall icke p& en sa ogynnsam plats som 
Bradford. 

Under en av de tl dig are konf erenserna i detta Smna f^anifarde jag for- 
slaget att man borde agna intresse It Canadas oljessnd- och skiff erf orekcoaster,. 
De litteraturstudier, son jag gjort harover (OS-l) har bekraftat att mojlig- 
beterna har Mr storre. Det ar ett belt annat material an Bradf ordsanden * som. 
ar tillfinnandes i Canada* I stall et for "oljssand" bbrde man bar anvanda 
termen "bituminos sand", Har galler det icke att oka ftarorinnin^en av kapLl- 
lart bunden olja, utan i stall et att genom en mild upphettning (till ca. 100°C) 
kendskt forandra bitumenet, sa. att en lattflytande olja erhllles. Hangden ut- 
vinnbar olja varierar, men uppglx ofta till ca. JO volyms-jk TopografLn ar 
sadan, att stora fyndigheter kunna uppletas, dar borrdjupet Mr ringa. 

De tekniska f orutsattningarna ar salunda goda. Darsnot kan man mojligen 
hysa nagon tvekan om de ekonoraiska m^jligheterna i Canada just nu, med taxke 
pi de stora manfder fri olja, sora under det senaste Iret upptackts i samma 
delar av lendet, dar ocksa sanden finns. Det eynes emellertid av fackpressen 
att dona vara sa ? att den bitundnosa sanden fortfarande ar aktuell. Tidigare 
har Docket pengar satsats pi Max Balls varm-vatten-process, men utan* fraragang.. 
Nu bar man bor j at forsoka andra metoder. I Chem. Eng. News lastes den 30 jan. :L 
Ir en notis, som omtalade, att den s*k. n fluid-solid"metoden lagts till grand 
for en pilot plant, for tearbetning av Alberta-sand. 

Ett annat faktum. som ina not eras i detta saramanhang ar foljairie: I saniband 
med produktionen av olja i de i^ra, stora oljiefalten erhilles stora kvantiteter : 
naturgas. For transporten av oljan till avsattningsomradena har man redan satt 
iglng att bygga en pipe-line fran Alberta (Edmonton) till Lake Superior. Gas en 
kan man daremot ej fl avsiittnirg f&r. Att bygga en gasledning ar otanklaferfcc 
och den lokala industrin ar fortfarande alltfor obetydlig for att kunna kon- 
sumera dessa gaskvantitater. Utnytt jandet. av gasen ar darfor oljeproducentemaia 
stora bekymmer just nu, Laget kan illustreras med n*gra produktionssi;£frar for t 
de tva Ir under vilka oljerushen pagitt. (Siffrorna haratade ur Petrolcium Times 
den 10 februari 1950 0. 
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Gaspriset har salunda i Alberta sjunkit fran 14 till 5 cts/m.cu.ft. pa 
ett ar. 

Denna utveckling bidrager till mojlighetema att bearbeta Athabasca- . 
sanden. Det bor namligen ligga nara till hands att amranda denna billiga 
gas som bran9le i ett angkraftverk 5 som genererar den for Lj-metoden be~ 
hovliga el.-energia. Tia Sngkreftverk + Lj-anlaggning skulle s&lunda all 
overakottsgasen fr&n oljefalten bekvamt kunna omvandlaa i olja som ju lean 
transportera3 i rorledningen* 

0m det salunda finns all anledning att frSngS. Bradford-projektet 7 sa 
finns det lika stor anledning att arbeta pa Athabasca-projektet,. .(Canada ar 
f 4 o. en lamplig inkorsport aver betr. metodens airrandning pa ol jeskif f er„ 
Oljeskiffern i Uew Brunsvdch och Nova Scotia borjar bli aktuell) « 

For att onodig tid ej 3kall forapillas, foreslar jag darfor att arbetet 
pa Canada-projektet intensifieras. Jag vill ingalunda underskatta vardet 
av att ha Mr. Hans Lundberg som kontaktman, men jag tror s att det bor att 
fa fram saken f ortare f eftersora ju det hela audi, ar en bieyssla for llr» Lund- 
berg, Jag anser att en direlct kontalct raed canadensiska ngrndigheter och sak- 
kunniga (t.ex> Canadian Geological Surrey) skulle vara av stort varde* "ycket 
av v&rde skulle sakorligen aven sta att vinna genom direkt peraonlig kontaiefc. 

EH jag anda sedan den dag, da. ilmerika-projektet" bor jade diskuteras, fatt 
mig anfortrott uppgiften att gora de erforderliga experimentella, tekniska 
och ekonomiska utredningarna , och darvid hunnit bli val fortrogen med situa^- 
tionen har jag an sett mig bora pa detta satt fremlagga de qynpunkter och 
forslag, som jag aoer vara bast forenliga med vart fSretags basta. 

Korrtorp den ?7*2«5CL 
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Tid aamraantrade den 1 mars mel Ian direktor Oejrot» dr. IJungatr&n, 
diraktor Wiborgh, Bvering. Johanamh/kriilng.' Sadarbaum och und arte ck- 
nad diakuteradea da fragor och.'prtbltoaiillidjigar^ son kunde t&nkaa bli 
aktuella rid tillampnlng aT ' "IvJ^a|;femBmetoaen* pa euneri kanaka fSrhallan- 
den> Som raaultat ar diakaaaionenibt^eta, 'att da pagaeoda utredningarna 
akulle fortaattas och a tt i fBraU hand' ffcljande t?4 alternate akuile 
under a5kas narmarai . ;v. c ' ■!.•■/.'.. , ?. .- I® 

a) raojligheten anranda kraxblitihda Skiff arkokaherg aom adidkilator 
fSr naturgaai •. ■ ,l .: 

b) ardrivning a r oljan ur «oii said* pa elaktrbtermiak rag, 
Nedan lSmnadea dela en aaiananfattning ar da aynpunfcter* a on fram- 

kcanmo rid diakuaaionen, och dala nigra aHenterandl harakningar, acm nt- 
fbrta m d ledning ar hittilla tiiigangiiga data^ V,- 
I S^aokamaLatarorobleaBt.i . v - .r ^>-^-: . • r = •;- 

I U.3iA. utgSrea en icke bheigrdHg del aV bratoiatillgahgariia ar nattus- 
gaa; Ehum myeket bekvam i anTandoingen erbjuder haturgaaen tid tillgodogaran-'ll 

A A. t " ■ " liefe. 

det Tiaaa problem i 8ambaiid:miiid;aati transport eah iagring » ; ySrtaaiingen tir 

gaa for aaral huahalls- acm ; indnatribrdk fltlkttfmrfttfafcty dala under dygneta 

olika timmar* del8 under da olika Aratidernai. ^ ? s ■ . 

Oaaen diatriBueraa frin kaliantiill f Srbrukningaorten ganom "pipe^linaB* 

ofta wr myeket anaenlig langd.. For itt kunna m6ta toppbeiaBtningaraa, maete 
man emellertid antLngsn dlraamlonera iflrladnlrtgArwi iHr w^a %h^ 

aller anardna utjHmnande gaaaekunolatarar for farbntfadngaoraan* itoinatone 
▼id langre ladnlngar bar man rait, det aanara alternati'Wti San aokunmla- 
torer anrSndea gaaklockor av, hBgirycka^ illar lagtrycka^ Doras i f fcir- 
blllanda till kapaciteten hog* anttkaffningakostaad (dfx neaan) bar emallertid 
i a&nga fall lagt hinder i Tagsn: f^ ; natargaaerna8-titi7itjazda. 

Bn annan aajlighet, flom pi - aafla^ortar anrania^ f8r att ackxannlera 
gas, ir att utnyttja garni a, »T?wk^#fOlj«faliia3aa nadtrjckae i de gamla -borri 
bllen och lagras i den par3aa bergmaaaan, abrn fo^utvinnahallit patrolcram. 

Tid elaktrotermiak ardrlraing af,itt akifferfalt arhillaa acn aterstod 
en akiffarkoksinaaaa aom dela ax bjdrofOD n (rat t SBatriBand a) dala har an aktLv 
yta t son i kallt till atind Mr i etind ittiadaozbera atora mangdar ar bl.a. kol- 
vatagaaer. (jfr. bilaga 1). Det akoila darf8r. knnna rara fflB jligt att atnyttja 
att i naxhatan ar en atad liggahda akiffirfait -fair trft andamal, nHmligen dela 
tillgodageraode ar dlja och gaqUx ak±ff ern»^dalj» det^a▼dri▼na akiff arfMltata 
utnyttjande acm "gaa atorage" f8r ■ naturgas* v ; : 



•■«», - ■ 



F8r ait en dylikkcmbinatloii. skall Vara mBjlig ,fordras alltsA att i 
narhetan • ar en stad f som skull e kunna ifrAgakcrana fSr naturgafltillfSrael 
finnaa ett skiff erf alt, ar sAdan typ att ol jeutrimiirig kan ifrAgakcnina. F8r- 



h&llandena 


kunna Atergea med on ekiflst 
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if) thjs''^ 







* Total a aniaggningskostnadan E f8r gaadna trsnapori (inkl* lagxingj \ t rkn 
a till c blir aunman ar koatjastdem* Mr/jrflirlididn^te A bch rtolSdningex^B 
sanrt koa triad an f8r gaaackumuiaiora ,1b « Lfldningftxt i dimonsioneraa f9r nsdel- 
rdrbrukning ar gas* ma dan ledningtin B diin«naion«iraa^fBr maidjaalfBrbruk- 
niiig. 3 blir alltsA dyrars pr l&ngdenhat och fSl^aktligan gSraa aA kort !li 
eom mSjligt. Indat fall, att en gaaELoeki; ^.;*wilig typ byggas kan B gflraa 
praktiakt tagat - 6* , - r . .;})'■ V^V" ; > ;v , . ' 

I aarama m&n acm gaaackumulatarn kan tehAllaii billlgkre kan naturligtvis 
atrackan B fA rara 18ngra> Slldr mad andra ord: .«Bti .Itfmpligt akiffarfait kali 
utnyttjas am "gas storage" fir en cm ij liggAr cmedeibari intill atadan* 

Da fSrdelar, a can stA att viima gencm kombinatianen. skiff arol jeftramstall- 
ning *gaa storage" trot. • • .;*;•->- ■ v#- . . \ 

1) ffaturgaaana anTgndnixigamS jli gfreiax ; Sfcaifc mad akif f artillg&ngar i 
n&rhetan kunna anvMnda naturgaer* : "fcr*a dm Hrat4ndei till gaflk^LUto Mr atdrra 
An rad aomUdigars ansetts ekoncndskt. fSr ^sdiatzibutioh* Senom att kosinaden 
b (jfr ovanst. elevation) ndnska&y ki*; nfimligen A £A etiga, utan att den eko~ 
nondaka grans en Bverakridea* ^.^^Uy c . . ,.t s .;- : :■■ 

2) Ifra m3 jligheter Sppisaa fSr tillgodogdjraridat ar Sidf f arfBrekomater 
som tLdigara ana att a st& pi grMnato till bearl^ttii^at* 
Tekniak utfoannning, 33& skifferkokaans adsorjitionsfQrmiga Mr aT betydelse 
fSrat rid t«nperattn:eT'cmkrixig 20-40 G> maste beargat' kylaa nad till dessa tam^ 
paratuxer s& enabbt som mjSligt* ^ 3Baita bfir ' mad toturgao som TMrmitxai 
aportaranda medium* Saxnma rSx*. acsa anvtoiafl ^r ; iilQilled&Bd8 ay pyxolyagaaffrna 
asr.8M^f^^ torantitatar # 
son kuima nadpressa& t 1& genast atrtiann* i^l^i&ii x©P igeca, medfUrania visaa i 
krazibiteter T&rma* Gaaen f^ ria l^ltets ranliga kondensorer gA ut i gasdistxi^ 
butionsngtet. Pi detta a att kan-dirC alltm«r tLlltaganda gks- 
ackuzmilaiingskapacitet bSrja utnTttjaa, aamtidigt eom avkylningen p&akyndaa* 
?3r att arh&lla en aA ator kapacitet som mBjligt /bttr man kriiina fSrrara ^aen 
under relativt hBgt tryck t# ex*^6: atm.Datta betyrieri att far att tillfradsstai|j 
landa t&tning mot lockage akall arhAllas, m&ata akiffarkokaen ligga pA tt | 
tillrSckligt djup 50 meter tinder markytan eller mera^Betta *illkor motrarkaa | 
dock ar kravst pA lAga b arming a- dch rCrkoatnader* I 7arj s s&rakilt fall f Ar | 
en arr^gning g^raa me 1 lan dessa tirA varandra motrerkasde faktorer« ij 



Qrersl agafr ar gknlng . Da data och f8;rata&ttningar aom akiilla bah8w f8r en 
gencmrSkni ?g ardet ov&n behandlada psojektat a almas* man fSr acfct erhAlla 
en uppfattnirig cm vilka atorlekaordniigair det hSr rtir aig cm* kan man g8ra 
en SvBrslagarakning med ledning ar aiffror frAn a tanska fSrhAllandan. 

Ti f&rtits&tta att det fcydriviia akifferf&ltat fir ar aamma atorlek scan 
det hittiirr^^^ (fforrtorp il) JJr m 5 akLfferbarg bar dSrur 

exhAllita ca 90;litap olja > 100 tika? gaa. Den fcbks aom krorstAr after ay- 
drivningen w.i-'in^ akiff^erg torde lixnahAlla ca. 0,1 fri rolym (i form ar 
aprickar o^dyl. ; )-^ m 5 . Bamman- 

lagda gaarolymen beta vid 20°C .;alodife\.-inic^ a<&Tamda*aa kanpriinerad och 
adscrtarad form) 11m 5 skll*«rberg!!»kiiili..d4 blit : sUi*!**- 

vid 10 atat ca, 3*9 ar,:(2Q^* a:-atm) #r- 1 r<i*£./rw r r -*\i 
Son jSmfarelaa kan naanaa t att ldd>at8iTe atdrlekar ar gaeklockor anlSgg-^ 
ningsprlaat .Mr ca. 75 '--'BO kr j*.>|a£/ gatftoljnu*. f \- 

Vardet ay skiff erf Site* aom gasackiianilaipr Skull* dAblii 

rid 10 at<3 gaatryeki *ftr^0 ir/o^ . * ^. . ^ 
Obal Detta h3ga v&rde har.sti EJ-fait Wiurkgtrla 4fida9i under a& gynn- 
aamma cmstandighetar, att det IQQ kan ntmrttJaa 8Ca gWMkunteilaiacr* 

3*" 

Med navaranie atari ek akuilfe^^fjiltat aotata^ en gftskloctoa cm ca. . ^ \ v 
2*000.000 m 5 (20°, 1 atm) *Ld giar^cfcit 10 ai8* ~* * r 

73r att utjMnma irsT-ariationeria 1 gatafSrbrniknltigen torde an gasacku- 
mulator i en normal a tad behSra>i7fflM ca* 1 mAnada genMsziLttafSrisrukning^ 
'Bet nsrvaracde Lj-faitet akalla ailial kaima trtjSmna AravaiA^^ incm ett 

diatrlbutionaayatem med en dygna^SjArukaing ar da. 70*000 m?* Sim j&nfSrela* 

kan n&nnaa, att Orebro atad* ungefMriiga fBrbrqinilng fir 25>000 m^/aygn. 

• • — •.. •• > . t 

II* Oil-San d-probl met* . : • *■ ' &y**r. 

Froblemet att med vatteatirydt o.dyl. metodef utrinna kvarrarande 
olja ur tt oil -sard" torde vara a4 irld geinmkrbetat a^ ameilkanaka tekxdci* 
att mdjligheterna p& datta cinr&de tddhile Var^ uttdzada* mSjlighet finnaa t 
att p& elaktrotermiak y^g uppvaima tiajadan a& S^tet^ uti bljianB viakbsitet och 
ytapfinnlng aMnkaa, vilkat skxdla uid«riatta oljana. framrinning Ull pumphAl. 
Bnellartid &r aanden a& fLnkornlnff ^Qeh f »|^^g^^ ia^l^ krafterha a& a 
storai att det f&refaller f5ga a^oldJct iatt en dyiik atlskhlng ar rlakositot 
och jtspaxming skull a kunna frlgSra n&gra araarirda krantitetar olja. 

En annah m5jUghet att uti^tt ja dan alektrotai^^ matoien baat&r & 
att aanden upphattaa till aA h3g tamparatur ca*200°G) att an vexkligV 

deatlllation (ej pyrolya) aar 1 : aandan baflntliglpija . akar- Itir att avdrira 



&ren de tarcigxe oljefxaktibnerna okidia aaii vid! deetiliatibnen tilifBra 
ratten (rattanAngdastlllatiQn) *' Datta medf8r natuxligtTia rtfex* TazmafSr'-"" 
brukning, rarfSr man miata undexaBfca -i rax;)* aaxaldit fall pA yilksn-.punkt 
daetillatlonen akulle a^iTtas^ iSr, itt bptimait utbyt akulle *xha.llasi 
£a fSrdel mad dam a ma tod f9* beaxb*tning ar oijeaand fir att a van • 
ralatvit djupt belggna *cal-aand*-f8rakcm8ter bli fttkcniliga f8r oijsutvin- 
ning. StBrata mfljliga arbetad-Jupat blix riatuxligtfcia baxbende pA barxninga- 
kostnadexna och Bandana oljehalt '£«n ! mffiri&gbe^'-'^- '"'-'"^ : ! < < : .V 
grersla^srafrnlh^., Eagro* bil<* al|iUMxgifBxbx^^ W a^eaMIlatibnan kaa 
man a rhAlla genonr j&nfaralae ^d ' liMffarpy^rol^a.' Cljenalten i biliaind ax 
Taxierande, men fix ofta a* ■ Gamma''* tdxla'& (j_S 
Den minaraliaka siibatanaana ' apeeifiia Yaxiifr ! i'iand o& : t ikiffar'ax ; iingefax 
detBanma* Z damfBxala* mad det ; t^* r : a : 6n : ki&t far dan Maaxaiiflka subs tana an 
teimjexatiixategxing kan oljan* aagMidningsvSriM, reap, aldlf f expyxolyaena reafe- 
tionsTaxoa f Srsunmsa (i denna' appx&dmatiTa bexakriing) * tid upphettxrLng : ' 
av skiff era till 400°C tttrinnaajiai ^3 at ti& : ^Mrbcb ungefMr lika' 
Btor del ar den i Banian inn«alutna *ijan tbrae ' a*i«atlilexa fid iaxiiena-upp* 
hettaiag till 20G C; Bnligt reaMungat oraxx akni'le fllfr ftmdenS apphatii ; ' ' 
ning -£11 200°C atgA uhgafSx bMften ar dat Ttana> W behflTS *Jx akiffaxna 
upphettning till 400 6 Gi ■ .> ,,..:.!.; ■. ,.• {■.:. w 

Dat bar rid I«j-faitat risat alg> att ineargibaho^ai bar uppg&tt till , 
5-6 kWa/litex olja. 7id oljeardxirnlng.ttr oljaBaadan lean- man alltai vanta 
sig en fSxbxukning kr 2,3-3 iJh/ttffi 'fot^ „ . ,V 

Sammanf attal ng « ^•K-' 

Tfinkbara ftSjlighetex f8r tjungate^^ . 

a) far oljeutrianing tar akiffte^ 1 ^:.... 

b) f8r konibinationen olJaixtHaMi^^^to ftor^a*4 " 

c) f3r arariTning ar raatalja i **'i^iaaaa*V 
Aktnella fxfoar . V ^f^Mft^' " ' ' 

for att man akall fS, en tn?pfatt&iag on nijUgniitexBa att realiaera bran* 
namnda pxojakt olata de naitiriigi .x3^ inaibax 
att fSLjaada fragcnr nMrmare bahisira a^daa'v^^?^]^. 

gSrakcmBtan «tv al art caiffriri? israrh'tirMtagat> Dat ax att fHrmoda att 
tillgangliga kartar o*dy;l« ««r«ip'' t»SdUir '^taidlCfztf' Utazbetata mad hSn- 
BTaataganda till mSjiigheterna atf baarbata akLffrar anllgt Udigara 
kfinda metodar.. Detta tarda madfBxt att andaat 1 dag« gaanda aller giant 
liggande fyndigh t r beaktata. Ben "aiikfrotaxmiaka in! aitix-i»todan gBr m 
Sren skiffrar p& atBxxa djup beaxbetbaxa. Trnder f8rntattttning att boxrkoat- 
nadexna bli f8x hSga och att olieutbyt'et pr barrbii (dra. produfctan ar 
Bkiffariagxeta maktighet odi oljehalt) Mr tillxackligt feogt, bSxa akif«rar 



" (^a^ ^alomonsacoi ' 



ft- 



t 



ar toda till 100, ban^ki ;200'.= ^ . 

- En uppfat tiling cm dyllka: &if f^fj^ 
hlllas &t en geolog med .erf ^z^et j^ :Avintraa- 
•se 'Sr s&liiMa "bade ' 61 jaiifcit-j-.inito^ \- v.y ■ ' 

2) .1 aynnerhet .ffi^iki^iiig VjfcY .afci'gfcrfe Vl! ; ;i^ha<^ it ta d^r^d&r 
natmrgasiillfars^ln -kaxt bl^M^iif: IlSriftd ; b{Jx ^llAgkcteiAi^ ; adm ! <bran ,- :';| 
pipekata, att rajongen- ^^difl^ «askkLlaii ^' -. . 
kan Wi avsenrirt utakad -gto^; ki^^imei aklfferjMit-gaa at^aga 1 *^ 
Deaaa skifftrar bBra ligga: ; J>^|t^ bort fr4n 
stadon i frigaf BSrainot ^^^^^^ 

3) gtt paraiara. stodiuiit ' j^fal^aa : ^ : hMi±i ^iiiiikla^ l tST jostur^- >4 ' • !.^. 
gaa inad tillharanie ^gaa ' stoHgiif; • iJiel^W-' ^p»lt ! : gaiai»X|Vol j*f ait)- skulla ^1 
sakerligeli, tiara at T^ei^fl^^i.^inWesa^a*' dV- fodjdrijjgarna p& bdi' 
anardningama rid eh -dylikJjsaiae*^^ ifa&&ix'^4tt1blMmir. i 

4) ' garekomstea ar w ^li^ap^ ^^ ffl-r eiekiro- 
tanxrlsk destinations iran h^' ^te - Ate, i^ptmktah ' liaafct^a t < att • odcsi 1 
djupara ligganda lagar kunna ^ 

&tq gyimaamma» / ' ' j a ; "iV^;:- ^K-^v^-r • ■ > • .-7'; ■' v^v- 
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Grfcora, Sweden 



(leifttiemertr 



■■^-President 
•* -L Jungratrom; in -Situ Method 



f?L I .During; the perUi- ^T lnnin^r September 10th and ending Sep* 
timber 19 th* 1950 r . the undersigned" nnd seven, additional technical 
aruk buaineaa experts from the felted States of America were orlvl* 
te jrec?- tc *tt»nd certain conferences In Sweden with technical and 



biiiliireaar experts .rerrreannfeJtr*: your <--ren:rTlffatlon. . 

j~ j The. above atate^ -conferences ..w«re held . through or Loir mutual 

i , .... ■ ■ 

apiree_merrt Car- the purpose of aldinp Interested parties In the United 



:>t«rtfl- --t-pvrfne th* feasibility for- use of ttie abov P named Ljungr- 
- : r; "h.nd^ or riecrtro thermic- Process, In the recovery of 
^Sftrwa rror- m-; -called depleted ail fields, ouch as 
ma: : T fOUCrri " ° r ' nfrr,ir * ™dforc, VcK.^. Ociinty, Pern sy Ivar In , and ! 



■ ■ ! -e— ' r bradf or-- ■■ -\. 1 F« L eld ' : . 
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. lcic . FTcnr Lc.aj_ expe-rtrr,. who ceoresf r-.to.- » local >ro of 
s_ sponsors,, have- dolLvnre'rr tmetr reports upon the - r^ulta of their 
j n » d ^ n ea- rt Is. the i<nan.ttroc.T decisis of the terf.-icnl experts 
j ttj&t the- n Juror, atronr En-*- ' fcu **thad is uneconomical Cor jse In the 



re 



qavery: of residual, oil. reserves In the- Bra df err c;LI rield. The 



: "cejuae- or their < : ee£slarr.- - -yS^"^ .;. y .. ■:]'<■■'■■': 

■Vt |. . ^ C loc ^ 1 ^ a^ts«tf thit^tliej cannot be In- "V 

.tested I* the .^coverj oT ai^f^orT^ ffhal^w ootl and R33 .hear--' 
. -InjE Xbrmattona or frorr shale : the yiVniteri . s tatea and <: anada through ). 
U f f r the ^IW^ro. • n-5ttu ^thod;; Cor : the ^an^ reaaor tnat ef -/ 
^sjcts-Its use tri : the" Bradford ' Oil". PteMw.-' " ; - '- ■ ' ] 
I j i - v ott are to be- cbnnllrrented uparr 7 o l3r rtranttc operation in: , 
S -*ff antT th * success Thtrh W-beert>o ramerrfelr achieved. Our ^ "'-.f 
t^fcj Irishes, are far your continued: -sweeaa.., : . : . .' • , : ' : y \yy/ 

. I-! • Purine our visit tr, ^-rc^,. . a nd: rtore. particularly at the ' £ 
demarcations and technical and business conferences, we were ; 
'^ff* nrlv-IIege of *cqu r tr^ t o»r ^ 



4- itt 



nt- r; •■■ fe«tl. We ^rtT^. treated vaur-InTormatlon 
'' *■ vhlch the sane was repoaed in us 



; T ' " ' " " T;TT1Wr+ v/e' v.- Ill -rntLnue to do sov 

1 ^I*lc^ 

■ '^Tl- "[ <,U 5 ! ' -' ■ -avr t. :. •• rv-r.T.i Lblo consideration was glWTr- 

; netware th* s B rc ^datarr ™, r^ched. ^ t.- vent yr.u . wr ^ ' 

| ^f^ 1 lr?Ltt ^^ a^etrho^ .vbereby economic r^ul^^^^Tir^|7?; 

^ reCOVery: ° f °- LI re^dual r,^™,,, : ahalL b~ pleased to] 

aid: trr perfecting the s<>ne and -e rpe tu*ttnr- Ita use. y"'" V 

-| j- My ap'arrsors and all -who We prTvtlr^d to attend the con-- - f 
ferencea and- social Cnctlor, fW S W eden Join Ln extending moat V'.^:g 
sincere thanks for the Interest you displayed trr cur nroblenr and for 

yaikir splendid caaperatlorr^. ~ 

| - Very tiruly youra,.. . 
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Victor M- Samuels on 



i^d::ttbouife. tl».:yiarviari: r and- ta : 7;frecein^^ &^titfa.;]&' : ?^-\ 
25^852 * 446 barrels of " qiL'. : had ;reco Vere?^ :'f roar ^- ..< :? - 
il« field* -ilacheduIeVeritlt 

it j Production 1 * Is herewtth ffncloaed x-nr the purpose of showing the 1 
deduction of oil throughout, the: years* T~ V;^"--" 
|. ; The principal ^rndnrrrrrg formation trr jthe^ Brnr?ford Oil Field i 
""14 known as the ""Bradford" or"^?hIr^^^ 
rit4d as_ the: ,r ThIrd Bradford :,9-r £ d Tr -» ' fts *t*tlc aspects *w -.or-dsi-S-?;" 
permeability «nd--aaturatIon».:-.-At-...th.e"' .-res waterrf Loodinf • ■ ■ 



the process employed: to or'^i. ice 



tv ■ t he >ir«rtf crrt- F teld . • ; . T h i ; 



■ ji^acesa Is- based upon the Interplay of forc*sr ir> )-zh&" system sand- 
.* a tone -all-water * ~ *.. J- 

The average Third bratfarct r * nee cans-Is ts of a polyphase 
rrtxture of heterogeneous mineral grains * cerrented to : various degrees 
of compactness by' atherr r::Iner:i_camr*^unds-.= . Between: grains are f aund 
Interstitial voids fnares) -vhtch-. nay, be co* y aletely arr partially f 11- 
Ie<£ jby vrater air all*' The amount of these nare spaces constitutes ; v 
^jha J porosity of the san< T - Q1L maturation, indicates the percentage 
I of pores occupied. by all r whereas aeirr-e ability Is defined as tf the 
■j .. ease with: which fluids may traverse the (parous); rnedluirr under the 
h'-hfluenee of _drl<rlnpr pr assure 

| Kerogen fraur shale and 'netroleinr or cn:de ; oil frorr sand- ; 

: ttone are entirely different- In ccmrvosltlon a^^ % --t:he:-^tAcda-. hereto^ 
"{ lased: In the recovery of\each have- tt^e^fs^ \b'eepv'.vsrief} : and: 
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^pqa "aril lie. 'fqr^ -aonift'/^t^ectavCoihet^V:^ "i- 

r la^Ivarcra*"; -whor we^^ei^ jig 
■J^q.tieafted"' that * T^ri^c^^^ 9 

■ k tm t • « and; Canada^ Thelir. ... dec^Jfort^ 
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•^©•^trgly. high coat ifor^lactri^ 

::■ t her \ upon' 'rtfhi*-. hi^rf 'caatak 
of; lmlla lacaltyv ' , 7;-. V^ ; " : V- : ^v':^ 
: : ;: : :■ .. - " ^e r ; or,-the- .^rad^ 
, trid . . compliinenta M5q ., ther .. veiry ; ■ -alxle*--exac^^ 

*xp rirtjs • of ; Sevenaka ?kif X cral:j^ : ,;^;3w ;^t^ § 
pertjecjtly- and/ were jrioat -yenar&us^ S| 

Want yauir nraat ; abia?-re?^^ 
.•oplvia "aeryiaes^^ ^ 
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Bradford, - pro jektat* • " j!; 

(siutarappart) . vi j : 

VId uiviaaiag ar olja tax ds ©IJaffiraact© Wrgasi 23m ± ff # S.A« . : 
cch'as&oxatadas fir uttytat i regal I2fft* I&dar uirsdjaisis^szBa f5rsta ' I 

stadica* da oljaa mad m jSlvfcryck allar asad hjSIp w pssapasr traaspo:^ , 1 
taraa upp till nurkytaa, Roller' maa.i zsuft iai ea trsa^edal tsla : !■ -\ I 
den tillgan^llga oljekyaofcitatani ■ ••*'■ ! 

iSaa bSrjade d&xfdr gaaska teart kcsnpi^tsarat • q tr? ™1 , J 

tod oed a.k* secondary gaccrrorsn itjwl&raajdd ©a tatapbiaing a* i tercet I 
ftranwnuada ol^a med vatt^allar tti^jaM^jfe^ ^t^'-r^ j 

ligara ea tredjadel arr dsa/teiaia ol jffflfli^aTi kaa gaaa p& datta a&tt .£& 
upp, oedaa alltaS den aista tracijedaiea tapa^iaansbr i "bergat. I 
Eftasiiani acm de ziicasta kalloxaa isppsSa cwh; e^arfts§s£a p4 olja /' :: . I 
stigit has? bbb& bSx^at iirferasaaxa' eis'fBr e^ktl^^ v ^tdiw f3r .olJ^>.^;^| 
ut?±nniag» Bit oppelag till £33^itzisg w *BW&xgax? racovasy" iiscr lai*^-: • ;" : | 
mta ssr &r a ItfuagstzSss* aaligt yi22c9t aljesasadssi ©kali© appTStzmasda situ | 
p& alektratazadak Gaacm aAt bljaiaa '^aiabaitWt cdh yispSnnins dairid . , | 
saakas, tea aaa vSarta aiff* asi ' daa lattCT , *fr*n .frsm till fcoids-. -^/^I 

h&len* • ,\ . ■*' I 

Tld TjadcSnacdat daita. faxslag a&sta h3aa7& ,i£gaa till de olifea - ••'■'■'J > i 
fakios«3% dcffl inroxia p&dasa gaiiicnd^^ j| 
groflsk*, friraica&alsa bcfi talrais&ai fafcicfcari .S^iiga dassa ha-bli^t'.'f§r©-- | 
afll f8r aSrsidLlda utradniagar, . ■/ ; : : ' f 

Da gajurli^ a fo^a&tteiasaraa,■ duel'. belSgajfeataa &r f3r r^atodoa v | 

ISnrplisa fSrakontstar & oijjapagd i I7.3»A. har uzaiara^ktB och rapportarata ; | 
w ci^ilinjf* 0. Ljuagatraa (ar^ordrappcsrt'i ^- 2)* BetiSffasda : ol^saaad^. ^ | 
rdzwkometer i Canada bar an Oadisarligaa. cfiailatSisiig}' litta^uxsamsMi- • ; ' v b 
stailaiag gjorta ar ucdartaokaed (Happort 0S~l$ . 0 1 

ISstodana airoacmiska fSrutaattiaixigar liar utr^tta mod n£got ollka | 
tttgftagaponktar, dels a^ <ri^ia^ 

dala wr iudartadai^ ^ass^'0^2)^ 'V; ^ I 

7ad alutliaea da tefcni^gi aaill^iataiaa T^tiSffar^ hat hittiUrt ealast ' l | 
riaaa. labaratoTiauiaiai^kaiagar iQiaxuBrb gbras ^ viikaa xaauitat rddovlaaa 
i rapport 05-3+ Be xasulta** acm eiiaiioa ftS3?oala4a« «a tooa»tisk 
atradaiag cm a trananl ng^faiAailaaBdenft j poxt5aa kroppar (Eapport 0S-4) # " 




Siura naturlig^vis vissa slataatser .l^snM 1 'dxigas ur da erhSllna " j 
rosultaten fir det dock failt kisrt> r afct dBM&'i^ 

platteraa mad ffiltfBrsBk i e j -liitfei :ilt«i':Aaiau- to.kso aSaligen «d 

med provstyckaa ora nSgra dr za vclym erfeSlia en "tillf 5rlitlAg Mid fiftr fQr^ ; 

Mllandena i barg med ea y©2ym ,;&rfiera iUl^mA^m-' 1 " v "■; : ■ 

F3r S^rsfc&dlighsts^aknll.-ges bar dtt jacket kfirtfattst saanaaa-^ ' 
drag ay da olika rappoarfcernaa inaeh&lli 'X \\ ^ ' *■ . " ( * 

Hi typiak och tcr flera a^seesden 1^ 
' &r Bradford"! Pannaylvaaitioa; : S^h; : har M''riUiiii»t A* ctftsplad a* 10^20 ' 
meter ocb en fararyaranda biitefaait '• oirfei\4 : ' Troi T 7g^& D«a ligger &66^.y > ^ 
• p& ett etort djup, 400-5W : miiiOT;?r : Sv"' ; ' '.• i 

Bland* Canadas eMiasa tUigmgar; ay f Srskcaastesa i 

Atbabaska i norra Alberta ;vOTalaa a* de feist islS^^i 'Siandtta bar bar to : * 
naktigjfcet ar-30-6o meter" en;bl^e1iialt fear'CUg yjkta~# (isgan ol^a itar V; 
bittille trirfcagits), Bjupei ..vari'afar.' cckaS. bar- siarkt 5 aim atora delar av 
Athabaaka-sandea g'& Sada app iiiiigoi^ ] : ^;;:y|f^=%^ i ^ • -v • J 
Skonomlgka jgSrotaattnlrara^ : - *^ ' v V'^ 

I fr&ga om Bradford [^^3^ie)ty^dsi ; at»a'l^^^ hSg*-*' 
borrkoartnaderna bli d€&^gt&^ Mtrta ti^dfSrv at* ; pro-^; 

diaktianskoatnaderna pr a£?n^ bliv^^i^ I o/'i^atg^'-'^ 

§tr&na rapport 3 bar erbSllk^'i^ ay J? 4V 

pr barrel j i imdsrtackaads V^^ * 5*2 ^ fc^ell 

MarkaadeprisQt i;U,SU f ilir^r^ . : : }-.if[j; : 



Snligt den Tedortagaa ^^Gy/a Ta^>! akaile" ; tl^et^ genom •djes^adfe 
vara oanr&at proportionellt mot^tsl^i^ tox^^i^Aejkis^^ 
skalle aLltai-.Ska flSdet i : ;s^a;^^ : ;- T ^;!vt 
peromentella bevis b^te\hfe\r^pi^a^^ 

vid rSrt. laboratoiluni ha m-^j^i^it 'fliW^-'^j^^ stlger vid-aa- '* .a 
temparaturhojning j mea ej ^-l^^ kar 

Sndringea r Savitt - med da Sto^vfe. prikiiiTa fflOTdaiigai? p ebm atSit, .tiii^'. -"^ 
buds, konnat k<msteterasi ; .gail^ : ii^ Bffl^^i-vi^\l^^ Sateia 'resaitat; 
bar Sron. erh&lllte i den\,&todajteb^^ ay problamel?*;-' ^• ""|| 

Saaacaxafafctnin^ och fdr&&$ ^ : ^ k ' : '^ ' ^ '*--V- • ^-r^.Jv" ; * ; ; "V ■,Jp 

SS. l&ugt maa kaa badflsa' av" hte":fereiigg^^ Saro' f 5OTts^t^^|i 

aingarna i Bradford ej idllrSd^ligt gyx^^^ : * 
metcd«, Med hansim till dea a-bbra iMtydel^ satcdan ekulla toana fi i 
dagena ol^esitTiaticn yore dat":emil0ri±d 'kyan&iigW-' ; ^skyart msd fSlt- 
fcSraok 3. mindre alcala. 23eflba. jateille .mallartid , p^lSfflaa till en plats 
med oljeeand pi rtDlati^ rli^ a^'akailo '• 



fcli fSr hSga* l&i s&dan plaia bar laaaiia uppleias 1 aamarbate mad dQ 
inirssaerada kc2itaktm2n i U.S.A.f scsa redan ha iatresse fSr " eafceru 

Vidara agtaea dei vara tfapligi, ait und&r tiden aarmare underaoka 
Canadaa ol^eaandefiarskcJEQst^ ^nligt vederhSftiga kSllor (citsrade Maz 
V. Ball i 02. artifeal 1941) stedle Canada ha bijiatiiigangar i skiff or och. 
oljasaxid p& 100 «^ 256 • 10^ barrels! , dvs. betydjftifffc iner Ha heia den St- 
rlga varldsaa esmnanlagds olJetiligSiigar- Erploateringea av dessa, . f or©- 
taanster ; Sr amelleriid f Sga utracklad. Ball uppgar , att msd dittill.ararsnda 
iaetoder..(^ 194*) sndaet tiS^pra jurcaaille hela oljsnSngden binds ut- 
riimas ekaaanisfct- MShaada vans d2rf or Canada odcaS den gynaaaianaste piat3en; 
ft5r det faatfSraiaci eom arm t Sreelagitsi > 




■V::-: 



BUagaM xa^ptu-t 03-1 ,-2 ,-3 ,-4^ 



01,1 6ean4f ar^Qffigt.a^ $ Caftaaa^ ; ; 

IFpp^ffcern^ . V/' 

Sro e£ p£ ifcjgt air . : j& $|#8*n4> . .Bait* Sir srcei*. > 'V. 

Ifcrtta ett ieekeaj 54 pS.. J 5^^s : |^a0' iifcgai ; i^4lrfeB&^^ ^*?n' Harare* ■ / 

crtadiat* '•' ■ '^:^:'' ,: ; i: :/f^ji:v;Vv . . • .'.;;V ; "' : -k; u - ; -0* • ,; " 

Had taiika pi err. c&jlighster att;i^SM$8 till&fcpa 

■ , oa de** tatfcill stands . • 3?w Wg&fe. i -1*^^ s^.^ax;: W. - r ; 

Balls vitfariiga airtikal l'.,£an^i» Ifenifg *«a& jfeif^^^'^ ' B^ilertin 
^ Fete. 1^41 UK - ; < •"'■■i'-^ ik ^'p^ : k : ' • ■ . . / 

r^et (fig, i») Omradei irf^^w ei? .pj^C^rfgry i i vilfcea /• 

Atbabaska Siver och desS U&d^* t M> a&M$ • : dalsr* ' 

naataa canyons ♦ Qljasmlaft li^gw. wd'e^r- m MM^a^ och 



1 sammauflCdet mall an Aihabasica Birdr bch Cl®*4rwatar Kirsr (fig 2,)* 
Eftar fortdt Be Murray benfiaindaa f^adighetan offta Mc SSixray-fctoaa- ' 

Kaannzrlkationarna 8ro goda och hezi& i j&nwS^^arMi^ial^ s&ier- 
ut till atadaa Bdmaatoa och Ib&tfSrbindelad zioxrst .nedfQr Athafceski Ittvar* 
Kliaatat tillAtar drift mr dar t^flntllga mlg^snlri^ar Srot 'icttnt. JLrg- • 
madaitampexaturta fir ca* + Q°C, -^'?"r / 'V*'--' *' -V^^ : T--V f^ r -^^-^ :v ./ rV .• ' - 
■ fondighatana oaf attaint; v ;• ^t^^:^- ^■; ; ?-:.';^A'.v ;; : 

(D& hlttilla tndaet 1 dagon g&anda *i|)rad^ i^/Vajii tfir aktuellt 
intxasaa Sr kSmedcnwxi en ta^^ds:^ odix 
inaxfc&aka? aLg ofta till ' rani npjai^^ 

Oljaaaindalagrat Sr 100*200 feet djupt och bar m nSkor utatz&ckzdng ar 
10.000 aqoara b11«q v dr. ttada till 50.(XX! aqjnllefl. Oljalialtsm Tariexax mel- 
laa 0 ocSi 25 rllrt»-% toad att genca^ttir*a^e ar 'ttai 17 ^icta-# i hitiilli 
analyaerada ptrcnr# fit p& dtsaa ^ aiffiw begfifa&ag '• 

or total* ^jafctoabfillai ^er^^ml<^^'250 « lb? barrels 61ja« Sob en 
jSfldraralaa kaa ngmnaa, att U.S. A:* ^ja^lgaa^'l'-b^im^^^ 1940 berate* 
nadaa till 18*5 * tarrala o<& bala dsn finriga ij^ldm till 16 & 
bazxala* 

Oljaaandan liggar undarft^ i teitpeiiodana geolcgiaka lagar* n&raaaat dror 
Dcrca-akifcUt. 8rer oljaaandan liggtf i flora lag*? 1 joaa ni&Sa afcifftrar* 
aandaten »*a* bar hala lagaraerien ksrarat&r utm att .ba blivit. araBt-t gesna 
erosion St djrajaft till oljasandaa ca. 1866 feet, soai eoaa ovm fraofa&lliia 
bar eroaLonon Verit k raft i g p& grand air da Mrarsta lagratsa rela&lvt aajtika 
beekaffarihat. IJbcklekan ar da dvar ol^asacden liggande lajpraai gynea isdnakaa 
nSgot apdr&at ut frfn Xc Burragr* 3)dt taader ol jiaasM^n ligga&dte Savdnlagrat 
atgSrea ar en hSrd koatpakt kalk&tati mi en ais&fedii&a*^ 3Sbbl» bariLaoiitall 
fcrre yta* ^-'/ar ir::c " V:^'/-' * 

Oijaaaolai utgttrao bBr ar .kvaz^ojcm». aaamaafcittada av alia* &&ficn 
azman Idttaabataaa flnna aj 9 rarfar .aandai e6ndarfailar till att lest, 
tt aockrigt n oatorial, A oljaa barttagW* 6l jait ^llw icika t&t parena 9 utm 
omgar da anskilda konm aooi an Him* V&»odliga& liggar djsek n&ra&at koxcan, 
innanfBr olJefllffien t en tuna vattenfila (2, 3). , 



Oljaa fir aV belt anrian typ to_tf.S i-ki's/pietroieua . 
liknande och aS yisk3sj att'd^ ej.^t^ V . 

oxiderad) \olja har en >pe<i*^^^^I^p6^i t o2 ; ';Den^fir. myclcai kiinsiig ' f 3r •, : '' 
uppbettning, .yaxlgenom dari ■fc?rS^M/Ocfr\'blii i riiera ."lfitinytajade'i Genoa t«a±ak- . v| 
T&tskefas- krackning fcsoi'ni^f-fi^ppv.Hii 40 j6 bensija j;ntaa : \i^ ' >: i 

lua tenia i torn snr koks och gas bll h&gre jin 40 Biangiaea Sr. l&ttraffi- ' 
nerad'ocfa har att ovanligt hogt -6^ beibiaadling : . - : " : ^ 

eller tillaataeri ' / ' . , - 

Beaaa aljans egenakaper tkssm i^yda jfi att den fir 7ett urspruzigligare 
mineral Mn petroleum och att dact geh^iti^ .. "'.A, 

procaaaar eon vanlig petrbieua* v ] •/: y.0 : { *' c \ ■""<:):■ -- ; : ' " :: 

gtzb^tlniagamgjligheter, .^l.-faffivA V • ./ . -V:. •:' •- *! 

: Ball diakutaiar de olika mOjligbeiWr^ av 
ol jan'bch koraaer till fflljaiade iluti^ 

1) tftviiining aw bljan miaiejste/^ ; 
tr&aghing mad rattan och dyiikai raeio\i& ;SLro i^ySadlittra' pi : gjfctthd* ol jaha 
t j ockfiut enhet • ) A%^>- : ^ ' ; • V . " 

2) Brytniagen kan blqtt aka/dS^:^^ 
ligganda bergartar Sro fSr 16a a fSr, ai't^^ 
ett dyrbart ataKplingsarbete. Ej heir» ^ 
majligi. EJ ens alia fSrekcmater 6flra-?g£^T^ 

Pi o&nga stall®! ar aandmnSmiigen tack^i^ay ! , kl^f^ijockt' la^r.^bvar^ ; 
burden" (grnsi aarsd och lera) aoa -slcdl^ , 
ryainingakoatni&erna aatta en 8v*a tiltioniJti&^^ air .ah " 

ciuyard pr ton brutan eand. DSrtiirta plat»'". 
f8r upplSggning av da avxymda massoriia odh'1&^ 
finna pi mfinga 8tailen i. floddal araa ii^&x^l*^ 

Icunna lyggaa* Av. deaaa oradcer ha da me^ iaarki»aa^^^ . 
Athabaaka Hivar inget ekononrLdrt TtedeJ ' • • ' 

Drtta g8r » anl* Ball att man 'a* ,Can^LaS;;i^^ aad dit- 

tilla. (1941) kaasda maiodar aj kaa .iaiisai : ei£ :iS#^ii^^f4 ; iis^ ai b^^'tiigod ' 
promillei \ ' --^ 'I'' 1 ' ^ r ^f4: ;:; ' ; - ^ ; - 

3) Torrdeatillation ar den irotna ^^dw-ik^la^l^'f te-.^bax oc^ 
eamtidigt ej tti]jrftckligt akonsam f8^ deft y«i^eri^^ 

4) Ertraktion mad leaning amedel aksiile bli aSttfSr dyr pi grand, anr 
erirlghetexna ait iterrinna laaningsmiftii t dBndaa*' 1 .*'^- 

5) Den enda hittilla frmtrjn^'g iagtoderi beetir i <mcQs±xia 



firund wr'sin hSga spacilika- ^^ktifvDetiiaia^caBne^ fe&fta flotering iced '• 

. ' Eftar manga irs pr&rand a ..ar: ol^a T ira;todeW ( i li't^ '..akkLa^: st artades 1 ^jtf 
» Abasande Oils Idadted* sera itarbatat.J;ea> 
och <fcrerf8rt don i 'fcaivaW' akalaif ^i^^a^^alieiat "^--'/'' " 
akri^r 1 Balla artiltel (l) ir^&Qitf ^^^I^^^bd'^ aand/'dy^n, 
motsTarande 550 'barrels ^W^m^5i ^0^^^^S^;\X:~ ' 

Ar in-fcraaae &r att notera, ' ati j&ia^aiii^ea 1 etaU ; ^dnc»a eitt ■ ; 
aget bahov ar alkrafi mad ea kfaaft'ewa^f «ld#^^^fe^liiB« *ocli - : •". '* 
koka fian raffinaderLet. ■- - '^-^tfh ^^'^'^^Ml^-y-/ '.' ' 

Anlaggningea b8rjade:, bygg'as l^T^en; famde s af blikgf ail edningar ' e j . -'. 
kQraa igaag if&rSn 1942, fn^(ip^^^^^i^^^^^ ^ / _•; 
iSggntngen fortfarande a J ifengara^ii^a^^ 

cipiella avagbeter i metcden) och ma'ate . .dii^i^^^^:';-'- :., .'•=.-'; .' •' vy 

Samoa firaa hax piaaerat 'en ; am^Jp&,'i ■atj^^ala"^' eh jarooafc- ' f 
tion or 10,000 barrala/dygn (-c^l&Ojn^^ aa-.' V 

laggniagakostaadeac konna vara W^iSii^sii ' v " 

ProdolrtionsardaggidiigBh , ^ ^''^/v^.^^'^v : y']*; '.' |f :<j^^^^4'i 560VOOO '.• 
aSrledning till Ednoitton' (^'adles) A .^S^M^Sibbd . 
Haffinadari i Edmonton • -^^^ip j • •3ll^V6dd' * " :; * . \> 

Littaraturt . Yif J [- ; V. V ■ • V' ' ' ' .'. .! % * ' 

(1) Max. t. Ball: Berelopman*^ Sahds*' Canadian 

, . \2) Max. F.Ball: Athabaaka Cdi^.S^ Ideal Origin 

of QU* Ball # M. Aaao^^^ . 

(3) K.A. Clark: Hot^TOt»Ys^j^ Sand.' 

a Canadian Mining eind Met^lpl^M 357^279 . 

(4) K.A. Claxki ELtuminoua S^^i&i^ tssl- 

. ... . /-•-r'^f^^l 1 ^ - :■ ■• , 



famantar till rap portena :/ : ^^^S-^v>^^ ■ ■■ - r 

Att dSma ar de nppgifter, aom ; akt^t^ll^r^ii bar 
alltaa Canada etora f8rekcasier av' iiS^S$^l^o%ilBai^y men eakaar fortfaraade 



anv&ndfcsra titrtrasiagflmetoder* P& gxwxl air 61 jane egeaskaper knnna da i iJ.S.A* 
tUlSmpade metoderna Qv«rf2^taa::till Canada. Paratsatteingama f&r den 
elefctroteifflififea metcden eynes vata f Srharidenv Ea eySrighet darvid ar, att 
tillgSiagaa p& uttor^d elfcraft i df tirtuslla ©mild east tdide vara fella t&idigt 
obeflntlig, D&sna. £r§ga bar dock ktm^ IB as med hjfilp '&? dea gcda tillg&gah 
p4 vaitaafcraft eiler mad ibgkraft ^ (vilfcaa 

gaaex hSr i Bdanaxkeit ej frhrirw tk' nkgm -ttttrtiaV j^ny jforirrf rig ) : ; ■ , 

1 A aadra aidan Sr det m^^ : :fakt<^r't :i 3«'^]^: : ^!ca;i)& ea ia4gita^tbd 
ecm enda ftrankOBajiga vMgen. \v/ ^i/^ V.C; '^•A-^^''-. 

Av da citarada ariiklarna har maii ockai teuiaat utijfeaV'fffci da fcahadaa* 
aiaka B^ndi^airaaa fcysa det all^ss^^ niryti- 
janda* " : '"*""" 



• j, .;v. ' - CiW ? 



Hcrrtoarp dea 1948* 




